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ICRISAT's mandate is to: 
1. Serve as a world center for the improvement of grain yield and quality of sorghum, 
millet, chickpea, pigeonpea, and groundnut and to act as a world repository for the 
genetic resources of these crops; 
2. Develop improved farming systems that will help to increase and stabilize agricultu-
ral production through more effective use of natural and human resources in the 
seasonally dry semi-arid tropics; 
3. Identify constraints to agricultural development in the semi-arid tropics and evalu-
ate means of alleviating them through technological and institutional changes; and 
4. Assist in the development and transfer of technology to the farmer through coopera-
tion with national and regional research programs, and by sponsoring workshops 
and conferences, operating training programs, and assisting extension activities. 
ICRISAT's 
Objectives 
This Annual Report covers the 1989 calendar year. It includes work done at ICRISAT 
Center near Hyderabad, India, at research stations on the campuses of agricultural 
universities in different climatic regions of India, and at national and international 
research facilities in six countries of Africa, and in Mexico and Syria, where ICRISAT 
scientists are posted. Pertinent information on ICRISAT's mandate crops and agrocli-
matic environment is presented in the section titled ' ICRISAT Crops and their Environ-
ment', which is a merger of two old sections—'lCRISAT's Five Crops' and 'Agroclimatic 
Environment'. 
In this Report, research achievements in respect of the Institute's five mandate crops 
are presented by crop, in the form of interdisciplinary reports on problem areas that 
reflect the interactive nature of our scientists' work. 
Research by I C R I S A T scientists in cooperative programs outside India is reported 
under relevant crop or discipline headings. Detailed reporting of the extensive activities 
of ICRISAT's research support units is precluded by the space available in this volume, 
but comprehensive coverage of ICRISAT's core research programs is given. Further 
information about the work reported here is provided in individual program publica-
tions, available from the research programs concerned. Offprints of sections of this 
Report are also available on request from program offices. 
I C R I S A T uses the Systeme international d'unites (SI units). Throughout this Report, 
the variability of estimates is shown by including the standard error (SE); on graphs 
representing the mean of several observations the standard error is shown by a bar ( I ) . 
Where levels of probability are discussed in the text, significance is generally mentioned at 
the 5% level; where the level differs, it is indicated parenthetically. In tables, levels of 
probability are shown by asterisks: * for P<0 .05 , ** for P < 0 . 0 1 , and * * * for P<0.001. 
Unless otherwise specified, available phosphorus (P) refers to the amount of phosphorus 
extracted from soil by Olsen's method, using 0.5 M N a H C 0 3 as the extractant. 
The latin name for the pod borer of legume crops, previously referred to as Heliothis 
armigera (Hu'bner), had been changed to Helicoverpa armigera (Hubner) in 1988 and 
this Report and other ICRISAT publications now use the new name. (For authority, see 
Hardwick, D.F. 1965. The corn earworm complex. Memoirs of the Entomological 
Society of Canada 40:1-247.) Also, the latin name of the tree Acacia albida is given as 
Faidherbia albida (authority (Del.) A. Chev.), subject to international confirmation of 
this nomenclature change in 1988. 
A list of elite I C R I S A T plant materials issued by the Institute's Plant Material 
Identification Committee during 1989 appears at the end of this Report, together with a 
listing of previously named material that are now in cultivation. 
About 
This Report 

As in 1988, in 1989 also there has been good ra in fa l l in I n d i a and in West A f r i c a , 
and sat is factory ra in fa l l in southern and eastern A f r i c a . Farmers o f the semi-ar id 
t rop ics ( S A T ) con t r i bu ted s ign i f i cant ly t o economic g r o w t h i n the i r count r ies 
and to increased stocks o f f o o d gra ins, pav ing the way fo r new oppor tun i t i es in 
1990. I C R I S A T has made impressive progress by c o n t r i b u t i n g to great 
i m p r o v e m e n t in f o o d g ra in p r o d u c t i o n in I nd i a , and is beg inn ing to have an 
impac t on sustainable f o o d g ra in p r o d u c t i o n i n A f r i c a . 
I C R I S A T has given increased a t ten t ion this year to the susta inabi l i ty o f 
ag r i cu l tu re in the S A T . A susta inab i l i ty perspective w i l l become increasingly 
i m p o r t a n t in a l l ou r research and t r a i n i ng in fu tu re . 
On 7 M a r c h th is year, the President o f N ige r , Genera l A l i Sa ibou , inaugura ted 
the I C R I S A T Sahel ian Center ( I S C ) , the research comp lex located a t Sadore, 
N iamey , establ ished on 500 ha of l and made avai lable in 1981 by the G o v e r n ­
ment of N iger . The faci l i t ies inc lude laborator ies , a conference center, a l i b ra ry , 
c lassrooms, a cafeter ia, a medica l center, physical p lan t workshops , stores, and 
admin i s t ra t i ve off ices. The w o r k o f the I S C is a imed a t resource-poor fa rmers in 
the sou the rn Sahel ian agroecolog ica l zone of West A f r i c a . These farmers are the 
m a j o r ag r i cu l tu ra l producers o f the reg ion w h o can con t r ibu te to increased 
p r o d u c t i o n i f they are p rov ided w i t h better techno logy. 
The f o u n d a t i o n stone f o r an I C R I S A T reg iona l research comp lex f o r 
s o r g h u m i m p r o v e m e n t in West A f r i c a was la id a t S a m a n k o in M a l i on 11 
Augus t by the Cab ine t D i r e c t o r o f the M a l i a n M i n i s t r y o f A g r i c u l t u r e , M r 
Che i k Bougadary Ba th i l y . The S a m a n k o Center , w h i c h w i l l be comple ted by 1 
September 1990, i s one o f t w o I C R I S A T Centers f o r the imp rovemen t o f 
Introduction 
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New 
Research Complexes 
The administrative block of the lCR ISAT Sahelian Center complex on the inauguration day. 
s o r g h u m in West A f r i c a . J o i n t l y suppor ted by the U n i t e d States Agency f o r 
I n t e r n a t i o n a l Deve lopmen t ( U S A I D ) and the Cent re de coope ra t i on i n te rna t i o -
nale en recherche ag ronomique p o u r le deve loppement ( C I R A D ) , i t w i l l house 
the West A f r i c a n S o r g h u m I m p r o v e m e n t P r o g r a m ( W A S I P ) tha t w i l l concen-
t rate its ef for ts in the no r t he rn Gu inean agroecologica l zone. 
A n o t h e r reg iona l center f o r so rghum i m p r o v e m e n t in West A f r i c a i s located 
near K a n o in N iger ia and serves the Sudan ian agroecologica l zone. 
In M a l i , in add i t i on to the reg ional pro jec t , we have a smal l b i la te ra l t eam 
w o r k i n g w i t h i n the na t iona l agr i cu l tu ra l research system since 1977. Th is pro ject 
te rminates in 1990 and an eva lua t ion of its achievements b r o u g h t ou t the 
f o l l o w i n g points : 
(1) I m p r o v e d pear l m i l le t variet ies i n t roduced or developed by the team n o w 
cover more than 15% of the mi l le t area in the m a i n m i l l e t - g row ing regions o f 
M a l i . 
(2) The deve lopment o f C S M - 3 8 8 and the M a l i s o r series, s o r g h u m variet ies 
der ived f r o m the loca l guinea sorghums, represents a s ign i f icant break-
t h r o u g h . 
(3) The ma ize /pear l mi l le t c ropp ing system developed f o r the wet ter agroeco­
log ica l zones o f the coun t r y consistent ly outy ie lds loca l monocu l tu res and , 
by 1987, was being used by farmers on more than 20 000 ha. 
(4) F i f ty -seven Ma l i ans have par t ic ipated in the I C R I S A T in-service t r a i n i ng 
p r o g r a m since the commencement of the pro jec t , 50 have served research 
in ternships w i t h the pro ject , and 11 have taken advanced degrees w i t h 
assistance f r o m the project . 
These are t r u l y commendab le achievements by such a smal l pro ject . 
D u r i n g the last 12 m o n t h s , I C R I S A T has s t rengthened its coope ra t i on w i t h 
A s i a n count r ies , pa r t i cu la r l y i n re la t ion to ou r legume crops. In September , we 
signed a m e m o r a n d u m o f unders tand ing w i t h V ie tnam's M i n i s t r y o f A g r i c u l t u r e 
and F o o d I ndus t r y ( M A F I ) , represented b y D r V u T u y e n H o a n g , V ice M i n i s t e r 
o f A g r i c u l t u r e . Th i s prov ides f o r an amb i t i ous p r o g r a m f o r t r a i n i ng Vietnamese 
scient ists and f o r research coope ra t i on f o r a l l o u r c rops , pa r t i cu la r l y g r o u n d n u t 
and p igeonpea. 
We have also d r a w n up annua l w o r k p l a n s w i t h C h i n a and f o r the f i r s t t i m e , 
w i t h I n d i a . T r a i n i n g , exchange o f p lan t mater ia ls , exchange o f scientists and 
research coope ra t i on are inc luded in the w o r k p l a n w i t h Ch ina . We expect to 
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w o r k closely w i t h the Chinese A c a d e m y o f A g r i c u l t u r a l Sciences on g r o u n d n u t 
diseases i n c l u d i n g the use of b io techno logy to ob ta in bacter ia l w i l t resistance. 
T h e w o r k p l a n w i t h I n d i a is f o r coopera t ive research. Ear l ie r th is year, a meet ing 
o f I C A R and I C R I S A T representat ives, organized b y the D D G o f I C R I S A T 
and t w o D D G s o f I C A R , was a p roduc t i ve one and many proposals f o r coopera­
t ive research were made. The cooperat ive p r o g r a m , when f ina l l y approved , w i l l 
enable I C A R to con t r ibu te t o i n te rna t iona l research f o r the S A T . 
In 1989, the Resource M a n a g e m e n t P r o g r a m ( R M P ) a t I S C showed aga in , as in 
1986, tha t i t is possible to exp lo i t a forecast of the d u r a t i o n of seasonal ra in fa l l 
based u p o n the date of onset o f ra ins. Ear ly iden t i f i ca t ion of wet ter years w i t h 
longer g r o w i n g seasons a l lows c rop p r o d u c t i o n to be max im i zed by doub le 
c r o p p i n g . Ea r l y th is year, d u r i n g a 4-week stay at I S C , agrometeoro log is ts f r o m 
the na t i ona l p rog rams in Senegal and M a l i analyzed ra in fa l l da ta f r o m thei r 
count r ies and prepared repor ts w h i c h showed clear ly tha t considerable po ten t ia l 
f o r doub le c ropp ing also exists in the i r countr ies. 
In f ie ld t r ia ls d u r i n g 1986 and 1987, R M P at I S C showed that a relay c rop o f 
m i l l e t - cowpea can be g r o w n in years when ra i n arr ives ear ly. Cowpea is sown 
between the mi l le t rows 15-20 days before the harvest of mi l le t . 
The m i l l e t - cowpea relay c rop is comp lemen ta ry to the t rad i t i ona l pract ice o f 
i n t e r c r o p p i n g long-season mi l le t w i t h cowpea. However , mi l le t yields in the 
i n te rc rop are less than sole mi l le t yields and they are affected by such factors as 
sow ing densi ty , p lan t p o p u l a t i o n , sow ing dates, and spat ia l ar rangement o f b o t h 
comp onen t crops. M o r e o v e r , the relay c rop of cowpea g r o w i n g late in the season 
faces fewer p rob lems w i t h diseases and insects. A relay c rop is feasible when 
fa rmers adop t imp roved sho r t -du ra t i on mi l le t cu l t ivars tha t mature in 90 days as 
opposed to the t r ad i t i ona l cu l t ivars tha t matu re in 110-120 days. 
In 1989 at I S C , we sowed mi l le t on ridges when the f i rs t rains of 34 mm came 
on 20 M a y , 23 days before the average date of onset. The mi l le t surv ived despite 
a 23-day d r y spel l that f o l l o w e d . We cou ld no t sow cowpea in the in te rc rop 
t rea tment u n t i l 30 June due to in f requent r a i n , resu l t ing in suppression o f 
cowpea g r o w t h by mi l le t . In con t ras t , a relay c rop sown on 20 Augus t , 15 days 
before the harvest o f m i l l e t , benef i ted f r o m 198 mm o f ra in in September and 28 
mm in October . M i l l e t in the relay c rop gave 1.2 t ha - 1 compared w i t h 0.9 t ha - 1 
f o r the i n t e r c r o p m i l l e t . Re lay cowpea gave 0.13 t h a - 1 o f g r a i n and 0.26 t h a - 1 o f 
hay c o m p a r e d w i t h 0.09 t ha - 1 o f g ra i n and 0.10 t h a - 1 o f hay fo r the i n te rc rop . 
The po ten t ia l o f the g r o w i n g season when ra in arr ives early is m u c h h igher in 
the S u d a n i a n c l ima t i c zone t h a n in the Sahel ian zone. We are i n i t i a t i n g t r ia ls 
w i t h re lay cowpea in the Sudan ian zone and w i l l examine residual effects of a 
relay c rop on the f o l l o w i n g mi l le t . 
Progress is be ing made on f o r m a l i z i n g a pear l m i l l e t research n e t w o r k in West 
A f r i c a . Th i s n e t w o r k is a imed a t s t rengthen ing research o f the na t i ona l i n s t i t u -
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t ions in the reg ion. In 1988, the annua l reg iona l pear l mi l le t imp rovemen t 
w o r k s h o p , held i n N iger ia i n coopera t i on w i t h I A R o f the A h m a d u Bel lo 
Un ive rs i t y , Z a r i a , in wh i ch 13 A f r i c a n N a t i o n a l A g r i c u l t u r a l Research Systems, 
S e m i - A r i d F o o d Gra in Research and Deve lopment ( S A F G R A D ) , I ns t i t u t du 
Sahel ( I N S A H ) / C o m i t e permanent in ter -Etats de lu t te contre la secheresse dans 
le Sahel ( C I L S S ) , and I C R l S A T were represented, recommended that a West 
and Cent ra l A f r i c a n Pearl M i l l e t Research N e t w o r k be established in the reg ion . 
I C R I S A T was given the task o f i n i t i a t i ng th is n e t w o r k w i t h the invo lvement o f 
S A F G R A D , I N S A H , and organizat ions such a s U S A I D T i t l e X I I Co l l abo ra -
t ive Research Suppor t P rog ram on S o r g h u m and Pear l M i l l e t ( I N T S O R M I L ) . 
Par t ic ipants o f the annual reg iona l w o r k s h o p held at I S C in September 1989 
have fo rma l i zed the ne twork . They ou t l i ned its object ives and the respons ib i l i ­
ties of the steering commi t tee . The f i rs t meet ing of the steering commi t tee was 
held at I S C in December. The commi t tee w o r k e d on the p repara t i on of a 
deta i led quest ionnai re to el ic i t i n f o r m a t i o n on const ra in ts to p r o d u c t i o n , staff, 
and faci l i t ies avai lable f o r m i l l e t i m p r o v e m e n t research in the 13 member 
count r ies . I n f o r m a t i o n f r o m these quest ionnaires w i l l be used by the pa r t i c i ­
pants of this ne twork to prepare a document wh i ch w i l l be used to sol ic i t 
f und ing . 
The expans ion o f the Sou the rn A f r i c a n Deve lopmen t C o o r d i n a t i o n Conference 
( S A D C C ) Reg iona l S o r g h u m and M i l l e t I m p r o v e m e n t P r o g r a m i n Z i m b a b w e 
in the areas o f u t i l i za t i on , f o o d techno log ica l i npu t , marke t economics, and 
i n p u t i n t o fo rages—inc lud ing loca l fa rmers ' interest in the pear l m i l le t by napier 
grass cross—is s igni f icant . 
There has been increased p a r t i c i p a t i o n o f scientists f r o m al l S A D C C c o u n ­
tr ies in the improvemen t of so rghum and mi l le ts . Th is includes a c o n t i n u i n g and 
expanded c o n t r i b u t i o n in repor t i ng results o f research and con t r i bu t i ng varieties 
and hybr ids fo r regional eva lua t ion . 
A new Strategic P lan to the year 2000 is be ing deve loped. Th i s is par t of a new 
process in w h i c h each C G l A R Center w i l l d ra f t a Strategic P lan f o r the next 10 
years f o r s tudy and review by t w o externa l panels, one deal ing w i t h research 
p rog rams and the other w i t h management . They w i l l take as the i r f rame of 
reference, an overa l l , general ized set of strategies and pr ior i t ies developed by the 
T A C fo r the C G l A R system and judge h o w the d ra f t I C R I S A T p lan f i ts i n to the 
larger p l an . F o l l o w i n g the i r suggestions, we w i l l mod i f y our d ra f t and f i na l l y 
present ou r p l an to the C G I A R in m i d - 1 9 9 1 . W h e n the f i na l strategic p l a n has 
been approved , we w i l l revise our med ium- te rm opera t iona l p lan . 
A feature of 1989 has been the rev iva l at I C R I S A T Center of the research 
p r o g r a m in p r o d u c t i o n a g r o n o m y tha t operated so effect ively under the late Dr 
Bert K r a n t z in prev ious years, and was largely responsible f o r the deve lopment 
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o f the watershed doub le c r o p p i n g techno logy f o r Ver t iso ls f o r Cen t ra l I nd i a . I n 
accordance w i t h the new emphasis on sustainable agr icu l tu re , the new p r o g r a m 
w i l l emphasize l o w - i n p u t strategies matched to the soils and c l imates o f the 
A s i a n S A T , enhanc ing fa rmers ' technologies ra ther t han rep lac ing t hem. 
N e w cu l t i va rs f r o m each o f o u r f ive manda te crops were released o r tested by 
na t i ona l p rog rams in var ious par ts o f the w o r l d d u r i n g th is year. S o r g h u m 
var ie ty I C S V 145 was released as S A R 1 by the I n d i a n government f o r use in 
St r iga-endemic areas and I C S V 745 is being tested in fa rmers ' f ie lds in areas 
where m idge is a serious p r o b l e m . I C S V 112 was released as C S V 13 f o r general 
use in I n d i a and as SV 1 in Z i m b a b w e . S o r g h u m releases in the S A D C C reg ion 
inc luded S D S 1513 and S D S 1594-1 in Swaz i l and . In M o z a m b i q u e , S D S 3220 
was released as M a c i a and IS 8571 as M a m o n h e . 
Pear l m i l l e t var ie ty I C M V 84400 ( M P 55) has been ident i f ied fo r cu l t i va t i on in 
a l l I n d i a n states th is year. A select ion f r o m pear l m i l l e t var ie ty 1CTP 8203, 
developed a t I C R I S A T in I n d i a , was released in the m i l l e t - g r o w i n g reg ion o f 
N a m i b i a as Okashana 1. In Z a m b i a , the pear l m i l l e t var ie ty I C M V 82132 and the 
f inger mi l le t var ie ty IE 2929 were released. Pear l m i l le t cu l t ivars based on 
I C R I S A T breeding lines con t inue to lead the way in most o f the m i l l e t - g row ing 
areas of I n d i a except in the nor thwes te rn states. Pear l mi l le t scientists have 
ICCV 2 (Swetha), a chickpea variety approved by the Andhra Pradesh Ministry of Agriculture, for release to 
farmers in the state during 1989. 
New Cultivars 
x i i 
accepted the i m p l i e d chal lenge and have set up a research u n i t in the state of 
Ra jas than. 
In West A f r i c a , variet ies o f pear l mi l le t developed by I C R I S A T in co l l abo ra ­
t i o n w i t h na t i ona l p rograms in West A f r i c a are gradua l ly spreading o n t o 
f a r m e r s ' f ie lds. These are n o w g r o w n by farmers in B u r k i n a Faso, C h a d , Sene­
ga l , and T o g o . Var iet ies are also in advanced t r ia ls ( m u l t i l o c a t i o n a l o r on - f a rm) 
i n C a m e r o o n , M a l i , and Niger . 
T w o ch ickpea variet ies have been approved by the A n d h r a Pradesh M i n i s t r y 
o f A g r i c u l t u r e fo r release to fa rmers in A n d h r a Pradesh — I C C V 2 (Swetha) and 
I C C C 37 ( K r a n t h i ) . Ch i ckpea l ines I L C 5566 and F L I P 85-17C were selected 
f r o m the I C R I S A T / I C A R D A nurseries and released in Por tuga l . 
A p igeonpea select ion, I C P L 332, w h i c h is to le ran t to p o d borer (Helicoverpa 
armigera), has been released as A b h a y a in A n d h r a Pradesh and I C P L 151 
( Jag r i t i ) , a sho r t - du ra t i on var ie ty , was released in I n d i a . Var ie ty I C P L 87 is n o w 
we l l established and is spreading t h r o u g h o u t I nd ia . 
The I C R I S A T G r o u n d n u t Var ie ty , I C G S 76 ( I C G V 87141) was accepted f o r 
release f o r cu l t i va t i on in ra iny season by the Gove rnmen t o f I n d i a th is year. 
I C G S 76, a V i rg in ia bunch var ie ty , has 2-seeded, medium-s ized pods w i t h tan 
seeds and has good recovery f o r p o d y ie ld f r o m midseason d rough t . The 
g r o u n d n u t var ie ty , B A R D 699 has been approved f o r release by the N a t i o n a l 
A g r i c u l t u r a l Research Center 's Var ie ta l Eva lua t i on Commi t t ee o f Pak is tan . 
B A R D 699 is a compos i te var ie ty con ta in i ng I C R I S A T lines I C G S 44 and 
I C G S 37. 
Several wo rkshops , conferences, and o ther gather ings were he ld d u r i n g 1989. 
T w o ma jo r meetings held a t I C R I S A T Center inc luded the second I n te rna t i ona l 
Ch ickpea W o r k s h o p where, in a week of active and intensive discussion, 142 
delegates c o m i n g f r o m 29 count r ies agreed on the w o r k needed to b r i n g abou t a 
sustained and substant ia l increase in g loba l ch ickpea p r o d u c t i o n and p rov ided 
va luab le gu idance t o I C R I S A T and In te rna t i ona l Center f o r A g r i c u l t u r a l 
Research i n the D r y Areas ( I C A R D A ) on d i rec t ions f o r ch ickpea research 
p rog rams . I t was agreed tha t ch ickpea p r o d u c t i o n was l i ke ly to move f r o m 
t r a d i t i o n a l areas o f l ow p r o d u c t i v i t y to areas o f h igh po ten t ia l where farmers 
were w i l l i n g to adop t m o d e r n technologies and use h igher levels o f management 
ski l ls . 
The other i m p o r t a n t meet ing deal t w i t h the extens ion o f the successful legume 
o n - f a r m research pro ject in I n d i a (Legumes O n - f a r m Test ing and Nu rse ry— 
L E G O F T E N ) to other As ian countr ies. A p roposa l has been submi t ted to the 
Un i t ed Na t i ons Deve lopmen t P r o g r a m m e ( U N D P ) to extend th is h igh ly suc­
cessful p rog ram to fou r As ian countr ies over the next 3 years. 
F i f t y -one delegates par t ic ipated in a sympos ium on Indus t r i a l U t i l i z a t i o n of 
S o r g h u m a t K a n o , N iger ia , organized j o i n t l y by Niger ia 's Ins t i tu te f o r A g r i c u l ­
t u r a l Research and I C R I S A T . A t r a i n i ng w o r k s h o p was conducted in M a l i f r o m 
Workshops 
and Meetings 
19 to 30 September by the West and Cen t ra l A f r i c a n S o r g h u m Research Ne t ­
w o r k on A g r o n o m i c Research and O n - f a r m Test ing . 
The s i x th A n n u a l S A D C C Reg iona l S o r g h u m and M i l l e t s W o r k s h o p was 
held in September in Bu lawayo . There were 57 par t i c ipants f o r th is 5-day 
mee t ing f r o m a l l n ine S A D C C count r ies . I n a d d i t i o n there were 14 S A D C C / 
I C R 1 S A T staff, t w o scientists f r o m I C R I S A T Center , one f r o m Eastern A f r i c a 
Reg iona l Cereals and Legumes ( E A R C A L ) n e t w o r k , one f r o m N a m i b i a , and 
t w o f r o m the U S A . Th is w o r k s h o p i s an annua l r epo r t i ng and p l a n n i n g session 
and is i m p o r t a n t in fos ter ing in terac t ions between na t i ona l and reg iona l centers. 
We held a w o r k s h o p on M a r k e t Grades and Standards f o r S o r g h u m w i t h 
invi tees f r o m Botswana, Z a m b i a , and Z i m b a b w e . F i f teen par t i c ipan ts came 
f r o m indust r ies , min is t r ies , and g ra in m a r k e t i n g boards ; f o o d technologis ts , and 
c rop i m p r o v e m e n t scientists. Th is meet ing was t ime ly because processing and 
m a r k e t i n g act iv i t ies in these three count r ies are increas ing and g ra in qua l i t y has 
been an issue of concern. 
D u r i n g 1989, several I C R I S A T scientists were hono red or were given awards f o r 
the i r research achievements. They inc lude: Dr C .Rena rd , I S C , w h o was awarded 
w i t h the t i t le 'Cheva l ie r de l 'Ord re de L e o p o l d ' by the K i n g o f Be lg i um; 
D r J . L . M o n t e i t h w h o was awarded the R a n k Pr ize f o r N u t r i t i o n and C r o p 
H u s b a n d r y and an H o n o r a r y D.Sc. f r o m the Un ivers i ty o f E d i n b u r g h ; D r 
S . A p p a Rao w h o was confer red the D r H a r b h a j a n S ingh M e m o r i a l A w a r d b y 
the I n d i a n Society o f Genetics and P lan t Breeding; Dr D . V . R . R e d d y w h o w i l l be 
awarded , in Janua ry 1990, the f i rst M .S .Pavg i A w a r d const i tu ted by the I n d i a n 
Phy topa tho log i ca l Society, the announcement o f w h i c h was made in December ; 
D r s R . P . T h a k u r and V . P . R a o w h o were nom ina ted f o r the 1989 Best Paper 
A w a r d by the j o u r n a l I n d i a n Phy topa tho logy . F ina l l y , D r D . P . V e r m a was 
awarded the Fer t i l iser Assoc ia t ion o f Ind ia 's Si lver Jubi lee A w a r d 1989 f o r 
' ou t s tand ing doc to ra l research in fer t i l iser usage' j o i n t l y w i t h a scientist f r o m the 
Nuc lear Research L a b o r a t o r y , I n d i a n A g r i c u l t u r a l Research Ins t i tu te . 
D e v e l o p m e n t of h u m a n resources is a very i m p o r t a n t aspect of techno logy 
t ransfer . D u r i n g 1989, 258 par t ic ipants f r o m 51 countr ies were g iven l ong - te rm 
t r a i n i n g . A m o n g the reg iona l and na t i ona l h u m a n resources act iv i t ies were the 
t r a i n i n g of 116 par t i c ipants in subjects such as cereal pa tho logy f o r eastern 
A f r i c a technic ians, detec t ion and iden t i f i ca t i on o f legume viruses, Ver t i so l m a n ­
agement techno logy , legume pa tho logy , cereals en tomo logy , hyb r i d p igeonpea 
p r o d u c t i o n , legume breeding, management , and p r o d u c t i o n , and s o r ghum 
hyb r i d seed p roduc t i on . 
I n the S A D C C Reg iona l S o r g h u m and M i l l e t Imp rovemen t P r o g r a m , Z i m ­
babwe, 103 par t i c ipants f r o m 11 count r ies benef i ted f r o m the t r a i n i ng p rograms 
of fered at B u l a w a y o , i n c l ud i ng courses on insect and disease iden t i f i ca t ion and 
scor ing s ta t ion deve lopment and management , and f o o d technology. 
Training and 
Human Resources 
Awards to 
ICRISAT Scientists 
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General Vo Nguyen Giap, Deputy Prime Minister of Vietnam (center) signing the visitors' book at ICRISAT 
Center, as his delegation and Dr L.D.Swindale look on. 
Mr He Kang, Minister of Agriculture, Animal Husbandry, and Fisheries, the People's Republic of China (second 
from right), shares a light moment with his delegation while viewing a genetic resources display. 
A m o n g i m p o r t a n t v is i tors t o I C R I S A T Center th is year were Genera l Vo 
N g u y e n G i a p , D e p u t y P r ime M i n i s t e r and Vice C h a i r m a n o f the C o u n c i l o f 
M in i s te rs o f the Social is t Repub l i c o f V i e t n a m , Mr Masao F u j i o k a , President , 
A s i a n Deve lopmen t Bank ; M s Pr isc i l la W i l l i a m s , N e w Zealand's H i g h C o m m i s ­
sioner t o I n d i a ; H is Excel lency He K a n g , H o n o r a b l e M i n i s t e r o f A g r i c u l t u r e , 
A n i m a l H u s b a n d r y , and Fisher ies, People's Repub l i c o f Ch ina ; M r M o h a m m e d 
A b d u l r a h m a n N a m a d i n a , H o n o r a b l e M i n i s t e r o f A g r i c u l t u r e , S o k o t o State, 
N ige r ia ; Sir J o h n T h o m s o n , G . C . M . G . , D i rec to r , Gr ind lays Bank plc; and 
D r O u m a r T a l l , D i r e c t o r Genera l , I ns t i t u t d 'economie rura le , B a m a k o , M a l i . 
A t I S C , some o f the i m p o r t a n t v is i to rs inc luded t w o Ambassadors t o Cote 
d ' l v o i r e , M r B .P .Agarva l o f I n d i a and M s Veron i ca Suther land o f the U K , and 
f o u r M in is te rs o f Ag r i cu l t u re : M r Che ik Cissoko (Senegal), M r G a o u r a Lassou 
(Chad ) , M r D j i g m a A l b e r t ( B u r k i n a Faso), and M r B r i j i R a t i n i (N iger ) . 
I C R I S A T thus cont inues its steady progress, l o o k i n g f o r w a r d to the last 
decade o f th is century w i t h en thus iasm, and p repa r i ng w i t h conf idence to 
we lcome the new century tha t is jus t r o u n d the corner . 
Visitors to 
ICRISAT Center 
and ISC 
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Director General 
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ICRISAT CROPS 
AND THEIR ENVIRONMENT 
M o s t o f the research repor ted in th is pub l i ca t i on was done a t I C R I S A T Center, the Inst i tu te 's m a i n 
research fac i l i t y located near H y d e r a b a d , in I n d i a , and a t I C R I S A T Sahel ian Center ( ISC) in Sadore, 
N iger . A l s o inc luded are i m p o r t a n t con t r i bu t i ons f r o m I C R I S A T scientists posted a t cooperat ive 
stat ions i n I n d i a , i n f ive o ther A f r i c a n countr ies: Kenya , M a l i , M a l a w i , N iger ia , and Z i m b a b w e and in 
M e x i c o and Syr ia . M a t e r i a l in th is sect ion is in tended to serve as a backg round to ou r research repor ts . 
I t presents a b r ie f desc r ip t ion o f I C R I S A T ' s manda te crops and agroc l imat ic env i ronments , and 
includes m o n t h l y ra in fa l l and temperature records f o r most locat ions d u r i n g 1989. 
The Five Crops 
Cereals 
Lat in: Sorghum bicolor (L.) Moench; English: Sorghum, durra mi lo, kafir corn, Egyptian corn; French: Sorgho; 
Portuguese: Sorgo; Spanish: Sorgo, zahina; Hindi : Jowar, jaur. 
S o r g h u m is the f i f t h most i m p o r t a n t cereal in the 
w o r l d and a m a j o r staple in the diets of the 
people of the semi -ar id t rop ics ( S A T ) . I t is a 
lead ing cereal in A f r i c a and is next in impor tance 
to r ice and wheat in I n d i a . S o r g h u m is g r o w n on 
over 40 m i l l i o n ha in b o t h temperate and t rop i ca l 
regions. I t is a ha rdy and dependable c rop tha t 
g rows we l l under adverse cond i t i ons and can 
thus p lay a m a j o r ro le in increasing f o o d p roduc ­
t i o n in the S A T . S o r g h u m has many uses: as a 
h u m a n f o o d i t i s g round i n to f l o u r and made i n t o 
por r idges or unleavened b read , the g ra i n is also 
used as feed f o r an imals , pa r t i cu la r l y in the 
Amer i cas , and f o r processing i n to beer and o ther 
loca l beverages in A f r i c a . S o r g h u m stalks p r o ­
v ide fodder , fue l , shelter, sugar, and syrup. 
Lat in: Cicer arietinum L.; English: Chickpea, Bengal gram, caravance, garbanzo bean; French: Pois chiche; 
Portuguese: Grao-de-bico; Spanish: Garbanzo, garavance; Hindi : Chana. 
Ch i ckpea is one of the most i m p o r t a n t pulse 
crops o f the deve lop ing w o r l d and o f the S A T . I t 
i s the most i m p o r t a n t pulse c rop on the I n d i a n 
subcon t inen t , where 8 0 % of the ch ickpea c rop is 
produced. l t i s i m p o r t a n t t h r o u g h o u t West As ia 
and N o r t h A f r i c a a long the Med i t e r ranean Sea, 
and i n par ts o f East A f r i c a and L a t i n A m e r i c a . I t 
is g r o w n on 9.6 m i l l i o n ha annua l l y w i t h a p r o -
d u c t i o n o f 5.6 m i l l i o n t . A m o n g a l l pulses, 
ch ickpea accounts f o r 15% o f the w o r l d area and 
13% o f the w o r l d p r o d u c t i o n . A g r o w i n g marke t 
in the Un i t ed States f o r ch ickpea is suppl ied 
p r i nc ipa l l y f r o m the semi-ar id regions o f M e x ­
ico. M u c h o f the wor ld ' s ch ickpea c rop i s g r o w n 
o n smal l fa rms w i t h m i n i m u m o r n o inpu ts . 
Ch i ckpea is used as f o o d by m i l l i ons of people in 
areas where i t is p roduced and is also becoming 
p o p u l a r in o ther parts o f the w o r l d . I t i s h i gh in 
p r o t e i n ( a p p r o x i m a t e l y 20%) and essent ial 
v i t am ins . W h e n comb ined w i t h r i c e , s o r g h u m , 
m i l l e t , or wheat , chickpeas p rov ide an adequate 
balanced pro te in-ca lor ie d iet . 
Legumes 
Pearl Millet 
x x 
Pear l mi l le t is the s ix th most i m p o r t a n t cereal in 
the w o r l d . A m o n g the mi l le ts , pear l m i l le t is the 
most i m p o r t a n t i n the S A T and thus requires 
m a j o r a t ten t i on . I t is g r o w n as a staple cereal on 
an es t imated 25 m i l l i o n ha. Pear l m i l l e t is a 
ha rdy cereal sui ted to the dr ie r regions w i t h 
sandy in fe r t i l e soils where ra in fa l l is l ow and 
e r ra t i c , tha t is, areas t o o d r y f o r so rghum. The 
g ra in is used to make chapat is in the I nd ian 
subcon t inen t and prepared as g rue l , dump l ings , 
couscous, and beer in A f r i c a . I t is also used as 
a n i m a l feed and forage. 
Lat in: Pennisetum glaucum (L.) R.Br; English: Pearl millet, bulrush millet, cattail millet, spiked millet; French: 
M i l ; Portuguese: Painco, perola; Spanish: M i jo perla, mi jo; Hindi : Bajra. 
Chickpea 
Lat in : Cajanus cajan (L.) Mi l lsp; English: Pigeonpea, red gram; French: Pois d'Angole; Portuguese: Guando, 
feijao-guando; Spanish: Guandul; Hindi : Arhar, tur. 
R a n g i n g f r o m a backya rd c rop to a m a j o r f ie ld 
c r o p , p igeonpea is g r o w n by subsistence farmers 
i n the t rop ics . On the I n d i a n subcont inent , 
where abou t 9 0 % o f the crop 's g loba l g r o w i n g 
area (2.9 m i l l i o n ha) is l oca ted , i t is the second 
mos t i m p o r t a n t pulse c r o p , w i t h an annua l p r o ­
d u c t i o n o f 2 m i l l i o n t . I t i s d r o u g h t - and h i g h 
tempera tu re - to le ran t and i s g r o w n on marg ina l 
soi ls. Where the c rop is g r o w n f o r cash, i t is 
usual ly in tercropped w i t h a shorter-season cereal, 
c o t t o n , o r o ther legume c rop . The c rop m i x i s 
seeded at the onset of the ra iny season and the 
p igeonpea is harvested d u r i n g the d r y season, 
we l l af ter the harvest o f the c o m p a n i o n c rop . I t 
has a h i gh p r o t e i n con ten t ( abou t 20%) and is a 
staple f o o d in par ts o f the S A T , usua l ly eaten 
c o m b i n e d w i t h r ice, s o r g h u m , o r o ther cereals. I t 
is also used f o r fo rage, green m a n u r e , n i t r ogen 
f i x a t i o n , cover, w indb reak , and f u e l w o o d . 
Lat in: Arachis hypogaea L.; English: Groundnut, peanut; French: Arachide; Portuguese: Amendoim; Spanish: 
Man i ; Hind i : Mungphal i . 
G r o u n d n u t i s an i m p o r t a n t cash c r o p f o r the 
S A T fa rmer . Areas in excess o f 12 m i l l i o n ha in 
deve lop ing countr ies are p lan ted to g r o u n d n u t . 
As a c o m b i n e d oilseed and f o o d c rop , g r o u n d n u t 
ranks second on l y to soybean, and i t is the most 
i m p o r t a n t oi lseed i n the deve lop ing w o r l d . W i t h 
2 5 % p r o t e i n and 5 0 % o i l , g r o u n d n u t i s one o f the 
wo r l d ' s m a j o r sources o f edib le oi ls . G r o u n d n u t 
is also used as an ima l feed, fo rage, and as a 
confec t ionery f o o d . O f the several m i l l i o n tonnes 
o f g r o u n d n u t p roduced i n the w o r l d , h u l l f o r m s 
abou t 2 5 % of the harvested pods and is used in 
cat t le feed, as a carr ier of insect ic ide, in the 
manu fac tu re o f pa r t i c l e -boa rd , i n the p roduc ­
t i o n o f p u l p , and as a f i be r c o m p o n e n t in h u m a n 
f o o d . 
Groundnut 
x x i 
Pigeonpea 
x 
The citation for this report is ICRISAT (international Crops Research Institute for the Semi-Arid Tropics). 1990. Annual report 1989. Patancheru, A.P. 502 324, India: 
ICRISAT. 
For offprints, write to: Resource Management Program, International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, A.P. 502 324, India. 
Semi-Arid Tropics 
LASIP 
I C A R D A 
WASIP 
E A R C A L 
SADCC 
Latin American Sorghum Improvement Program 
International Center for Agricultural Research in the Dry Areas 
West African Sorghum Improvement Program 
Eastern Africa Regional Cereals and Legumes Program 
Southern African Development Coordination Conference 
Cooperative Research Stations (India) 
1. Hisar 
2. Gwalior 
3. Bhavanisagar 
4. Anantapur 
SADCC—Zimbabwe 
SADCC—Malawi 
EARCAL—Kenya 
ICRISAT 
Center 
WASIP 
—Nigeria 
ICRISAT 
Sahelian Center 
WASIP 
—Mali 
Mexico LASIP 
ICARDA ICRISAT 
—Syria 
Locations of ICRISAT Centers, Teams, Network Bases, and Cooperative Research Stations, 1989. 
= 
= 
= 
= 
= 
= 
xx i i i 
T h e Ins t i t u te is located a t 1 8 ° N , 78° E, in Pa tancheru , 26 km nor thwest o f Hyde rabad in A n d h r a 
Pradesh. The exper imenta l f a r m , ex tend ing over 1400 ha, includes t w o ma jo r soi l types f ound in the 
semi -a r id t rop ics : A l f i so l s ( red soi ls) , w h i c h are l ight and d r o u g h t - p r o n e , w i t h an avai lable water-
h o l d i n g capac i ty ( A W H C ) o f 60 -100 m m , and Vert isols (b lack soils), wh i ch have a n A W H C o f 1 8 0 2 3 0 
m m . A v a i l a b i l i t y o f b o t h soi l types prov ides an o p p o r t u n i t y t o conduc t exper imenta l w o r k on t w o 
p r e d o m i n a n t t r op i ca l soils on ou r mandate crops and on other crops under cond i t ions representat ive o f 
m a n y S A T areas. 
Seasons. Three d is t inc t seasons character ize the I n d i a n S A T . In the Hyde rabad area, the ra iny 
season, also k n o w n as the m o n s o o n or kharif, usual ly begins in June and extends in to ear ly October . On 
an average, more t h a n 8 0 % of the annua l r a i n fa l l (764 m m ) is received in those mon ths , d u r i n g w h i c h 
ra in fed crops are ra ised. The pos t ra iny w in te r season (m id -Oc tobe r t h r o u g h January ) , also k n o w n as 
the p o s t m o n s o o n or rabi, is d r y and re la t ive ly c o o l , and days are shor t . D u r i n g this pe r i od , crops can be 
g r o w n on Ver t iso ls using stored soi l mo is tu re . The ho t , d r y , summer season begins in February and lasts 
u n t i l ra ins begin in June; crops g r o w n in this season requi re i r r i ga t i on . 
Crops. I C R l S A T ' s f ive manda te crops have d i f fe rent env i ronmen ta l requi rements tha t determine 
when and where they are g r o w n . In the H y d e r a b a d area, pear l m i l l e t and g roundnu t are sown on 
A l f i so l s d u r i n g June and Ju l y a t the beg inn ing o f the ra iny season; a t I C R I S A T Center , add i t i ona l 
generat ions are g r o w n under i r r i ga t i on in the pos t ra iny and summer seasons. Pigeonpea is general ly 
sown at the beg inn ing of the ra iny season and i t cont inues to g row t h r o u g h the pos t ra iny season; to 
p rov ide add i t i ona l genetic mater ia l f o r ou r breeding p r o g r a m , we sow an i r r igated c rop o f shor t -
d u r a t i o n p igeonpea in December . As in n o r m a l f a r m i n g pract ices, t w o so rghum crops a year can be 
g r o w n at the Center , one on A l f i so ls d u r i n g the ra iny season and the o ther on Vert isols in the pos t ra iny 
season. Ch ickpea , a single-season c rop , is g r o w n d u r i n g the pos t ra iny season on residual mo is tu re . At 
I C R I S A T Center , as in n o r m a l f a r m i n g pract ices, i n te rc ropp ing and relay c ropp ing o f ou r mandate 
crops are c o m m o n . 
Weather. In 1989, annua l r a i n fa l l a t Pa tancheru was 1056 m m , 3 5 % above average. R a i n f a l l d u r i n g 
the ra iny season was 4 0 % above average bu t because Oc tober was except iona l l y d r y , prospects f o r 
establ ish ing postra iny-season crops were no t g o o d . D a i l y m a x i m u m and m i n i m u m air temperatures 
were w i t h i n ±2 °C o f the average fo r al l mon ths . 
On Ver t iso ls , in f requent showers ear ly in the ra iny season resulted in m ixed ge rm ina t i on and uneven 
p lan t stands in m a n y dry-seeded crops. S o r g h u m and maize were the crops most af fected, wh i le 
p igeonpea and g r o u n d n u t were less af fected. F i n a l p lan t stand was no t af fected, bu t g r o w t h remained 
uneven t h r o u g h o u t the ra iny season. The in i t i a l ra ins were fo l l owed by f requent , heavy rains fo r the rest 
of the season. These heavy rains made mechanica l weeding near ly impossib le so weeds became a 
p r o b l e m in near ly a l l sowings. Where some degree of weed c o n t r o l was possible, good yields were 
ob ta ined . W i t h l i t t le t ime between ra ins, insect sprayings were less effect ive and Helicoverpa damage 
was as h igh as 9 8 % in some ex t ra -sho r t -du ra t i on pigeonpea sowings. 
R a i n f a l l s topped ab rup t l y in September leav ing l i t t le t ime to prepare plots f o r the postrainy-season 
sowings. Sequent ia l c r o p p i n g p lo ts tha t were infested by weeds d u r i n g the ra iny season requi red 
a d d i t i o n a l cu l t i va t i on p r i o r to postra iny-season sowing . Th is resulted in an accelerated seedbed d r y i n g 
and p o o r p lan t establ ishment. P lo ts sown to s o r g h u m , sunf lower , and ch ickpea shor t l y before ra in fa l l 
Agroclimatic Environment 
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ceased y ie lded above average, wh i le the 
same species sown later y ie lded p o o r l y 
and suffered severe d rough t stress. 
T h e except iona l l y wet ra iny season 
prevented t ime ly sowing and weeding 
act iv i t ies even on the A l f i so ls . M a n y 
p igeonpea stands were bad ly affected by 
inadequate d ra inage, resu l t ing i n l o w 
seedl ing emergence and later, by h igh 
m o r t a l i t y due to bacter ia l w i l t and phy-
t o p h t h o r a b l i gh t . In cont ras t , stands o f 
g r o u n d n u t , pear l m i l l e t , and so rghum 
were re lat ive ly unaffected resul t ing in 
above-average y ie ld . In pigeonpea-based 
in te rc rops , e.g., g r o u n d n u t / p i g e o n p e a 
and up land rice systems, the lush g r o w t h 
of p igeonpea caused considerable reduc­
t i o n in the y ie ld o f the c o m p a n i o n crops. 
As a consequence of the abrup t cessa­
t i o n o f rains in September, la te -matur ing 
c rops such as p igeonpea and castor 
experienced d rough t stress d u r i n g g ra in -
f i l l . M e d i u m - d u r a t i o n p igeonpea gave 
y ie lds t ha t were 2 0 - 3 0 % be low those o f 
the p rev ious year. Ea r l y p igeonpea suf-
fered heavy damage by insects such as 
b l is ter beetles bu t the second f l ush p r o ­
v ided 0.7-0.8 t ha - 1 o f g ra in . 
Other Research Locations 
India 
At f ou r agr icu l tura l universit ies in Ind ia , 
I C R I S A T has establ ished research sta­
t ions and carr ies out coopera t ive re ­
search to test the pe r fo rmance of b reed­
ing ma te r i a l under a range of c l ima t i c 
cond i t i ons and lat i tudes. 
Maximum temperature 
Average 1989 
Rainfall 
Minimum temperature 
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Anantapur (15° N , 77° E , 562 mm r a i n ­
fa l l ) . Th i s is a d rough t -p rone area where 
we screen pear l m i l l e t , s o r g h u m , and 
g r o u n d n u t under l o w ra in fa l l o n A l f i -
sols ( A W H C 5 0 m m ) . A n n u a l r a i n f a l l 
was 824 m m , 4 7 % above average. R a i n ­
f a l l in J u l y was a lmost ten t imes above 
average, A u g u s t was very d r y , bu t Sep­
tember was very wet. Because of the 
sha l lower soils in A n a n t a p u r , there was 
m u c h r u n o f f and soi l e ros ion d u r i n g 
Ju l y and September. However , on ly 22 
mm o f r a i n fe l l i n Oc tobe r so there was 
d r o u g h t a t the end of the season. Ear l y -
sown crops y ie lded we l l . S o r g h u m yields 
were a b o u t 2 t ha - 1 . C rops g r o w n on 
Ver t iso ls were affected by i r o n ch l o ro ­
sis. D a i l y m a x i m u m and m i n i m u m air 
temperatures were w i t h i n ±2 ° C of the 
average f o r a l l mon ths . 
Bhavanisagar ( 1 1 ° N , 77° E, 574 mm 
ra in fa l l ) . Here we screen so rghum f o r 
diseases and pests and test pear l m i l l e t 
on A l f i so l s ( A W H C 80 m m ) , a t a day -
length s im i la r to the Sou the rn Sahel ian 
b ioc l ima t i c zone o f A f r i ca . A n n u a l r a i n ­
f a l l was 645 m m , abou t 10% in excess o f 
the l ong - te rm average o f 574 mm but 
the d i s t r i b u t i o n d i f fered f r o m the aver­
age. F o r examp le , September ra in fa l l 
was three t imes more t h a n average. 
Oc tober and November ra in fa l l was 
also in excess of the l ong - te rm average. 
D a i l y m a x i m u m and m i n i m u m air t e m ­
peratures were w i t h i n ±3 ° C of the aver­
age fo r a l l mon ths . 
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Gwalior (26° N , 78° E , 899 mm r a i n ­
fa l l ) . The m a j o r soi l type is Incept iso l 
w i t h a n A W H C o f 150 m m . M o s t o f 
Ind ia 's l ong -du ra t i on p igeonpea c rop is 
g r o w n in th is area. A n n u a l r a i n fa l l was 
655 m m , 2 8 % be low average fo r the 
second successive year. T o t a l ra in fa l l 
d u r i n g the ra iny season (June-October ) 
was 535 m m , 3 7 % below average. There­
fo re m a x i m u m and m i n i m u m tempera­
tures d u r i n g the ra iny season were 2 °C 
above average. C r o p per fo rmance du r ­
ing the ra iny season was average. 
Hisar (29° N , 75° E , 447 mm ra in fa l l ) . 
Here ch ickpea and pear l mi l le t are tested 
under the c l imat i c cond i t ions in w h i c h 
they are mos t l y g r o w n , and sho r t -du ra ­
t i o n pigeonpeas are tested in a reg ion 
where they are increasingly be ing g r o w n 
in r o t a t i o n w i t h wheat . T h e soils are 
Ent iso ls w i t h a n A W H C o f 150-200 
m m . A n n u a l r a i n f a l l was 189 m m , 5 8 % 
be low average. Ra in fa l l d u r i n g June to 
September was 156 mm compared w i t h 
the co r respond ing average o f 366 m m . 
D a i l y m a x i m u m o r m i n i m u m tempera­
ture d u r i n g June to Oc tober was w i t h i n 
±2 °C o f the average. C r o p yields were 
bad ly affected by persistent d r o u g h t 
d u r i n g the ra iny season. 
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The I C R I S A T Sahel ian Center i s ou r 
p r i n c i p a l research base f o r pear l m i l l e t 
and g r o u n d n u t and the f a r m i n g systems 
associated w i t h these crops in the S o u t h ­
e rn Sahel ian b ioc l ima t i c zone o f West 
A f r i c a . The I S C is located at Sadore 
1 3 ° N , 2 ° E , near the v i l lage o f Say, 45 
k m sou th o f N i a m e y . T h e exper imen ta l 
f a r m , ex tend ing over 500 ha , is covered 
b y r e d d i s h , f r i a b l e , s a n d y A l f i s o l s 
( A W H C 50-75 m m ) w i t h l o w nat ive fer­
t i l i t y and l o w organic mat ter . 
Seasons. The c l imate is character ized 
by a June- to -Sep tember ra iny season of 
abou t 90 days, o f ten i n c l u d i n g l o n g d r y 
spells. T h e average annua l r a i n f a l l (570 
m m ) a t N i a m e y is i r regu la r and no r ­
m a l l y comes in the f o r m o f convect ive 
s to rms. D u r i n g the d ry season ' ha rma t -
t a n ' w inds bear ing dust f r o m the n o r t h 
and east occur . The temperatures are 
w a r m a l l the year r o u n d and average 
29° C. 
Crops. T h e m a i n c rop g r o w n i n the 
N i a m e y reg ion is sho r t - du ra t i on pear l 
m i l l e t (90-110 days ' d u r a t i o n ) , sown 
w i t h the f i r s t ra ins , t owa rds the end o f 
M a y u n t i l the end o f June. To advance 
generat ions and to help in seed m u l t i p l i ­
ca t i on a t I S C , an i r r i ga ted off-season 
nursery i s g r o w n f r o m January t o A p r i l . 
I n t e r c r o p p i n g pear l m i l le t w i t h cowpea 
is c o m m o n . Cowpea is n o r m a l l y sown 
between the pear l m i l le t rows 2 -3 weeks 
af ter the pear l m i l l e t emerges, by w h i c h 
t ime rains occur more f requent ly . 
Weather. A n n u a l ra in fa l l a t I S C was 
623 m m , 10% above average f o r the 
second consecut ive year after several 
years o f below-average ra i n fa l l . R a i n ­
f a l l d u r i n g June to Oc tober was 588 mm 
against the average o f 525 m m . H o w ­
ever, onset of rains this year was delayed 
t i l l the end of June and sow ing was car­
r ied o u t on 29 June. R a i n f a l l was n o t 
we l l d i s t r i bu ted . R a i n f a l l i n June and 
Ju l y was be low average; and that in 
Augus t and September was above aver­
age, and a considerable p r o p o r t i o n of 
r a i n f a l l was lost as runo f f . A 15-day d r y 
spel l occur red in Ju l y , a f fec t ing c rop 
stands. C r o p yields were f a i r l y g o o d . 
Above-average ra in fa l l i n Augus t and 
September led to h igh incidence of d is­
eases and pests. D a i l y m a x i m u m and 
m i n i m u m temperatures d u r i n g the ra iny 
g r o w i n g season were about average; in 
the w in te r mon ths , temperatures d u r i n g 
the day were 4 °C coo ler t h a n the 
average. 
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Chitedze (14°S, 34°E , 957 mm rainfa l l ) . 
— O u r Reg iona l G r o u n d n u t I m p r o v e ­
ment P r o g r a m fo r Sou the rn and East­
ern A f r i c a is based here. Chi tedze, locat ­
ed on the L i l o n g w e p la i n , has a t r op i ca l 
con t i nen ta l c l imate w i t h one ra iny sea­
son f r o m October / November t o M a r c h / 
A p r i l . M a i z e , tobacco , and g r o u n d n u t 
are some of the i m p o r t a n t crops o f the 
area. A n n u a l r a i n fa l l d u r i n g September 
1988 to A u g u s t 1989 was 1077 m m , 12% 
above average. Ra in fa l l d u r i n g the g row­
i n g season ( N o v e m b e r 1988 to A p r i l 
1989) was 1 1 % above average (888 m m ) . 
As ra ins s tar ted la te, the sowings cou ld 
be comp le ted on l y by m id -December . 
R a i n f a l l in December was about ha l f o f 
the average. Th i s delayed emergence in 
some t r ia ls . Ra in fa l l d u r i n g January to 
M a r c h was 5 8 % above average. The 
season was excep t iona l l y wet and the 
yields were very l ow . 
Sotuba near B a m a k o (13° N, 8° W, 1075 
mm ra in fa l l ) . Here we are eva lua t ing 
d i f fe rent crops and c r o p p i n g systems to 
i den t i f y ef f ic ient land-use systems f o r 
the Sudan ian b ioc l ima t i c zone. T h e 
length of the g r o w i n g season is abou t 
140 days f r o m M a y / J u n e to Oc tobe r / 
November . S o r g h u m , maize, g r o u n d -
n u t , and pear l m i l l e t are the m a j o r 
c rops. Soi ls are t r op i ca l f e r rug inous , 
leached to h y d r o m o r p h i c types ( l o a m 
and c lay l o a m ) , w i t h a n A W H C o f 
150-200 m m . T o t a l ra in fa l l i n 1989 was 
821 m m , 2 5 % be low average. R a i n f a l l 
d u r i n g the g r o w i n g season (June-Oc to ­
ber) was 805 m m , w h i c h is abou t 2 0 % 
less t h a n the average growing-season 
ra i n fa l l (991 m m ) . The c rop yie lds were 
above average in 1989. 
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C i n z a n a ( 1 3 ° N , 6 ° W , 700 m m ra in fa l l ) . 
Th is is s i tuated in the Sou the rn Sahe-
l i an b ioc l ima t i c zone, where we conduc t 
research on s o r g h u m , pear l m i l l e t , and 
a g r o n o m i c pract ices associated w i t h 
these c rops . The length o f the c r o p p i n g 
season is abou t 120 days f r o m June / 
J u l y t o Sep tember /Oc tobe r . Pear l m i l -
let , cowpea , g r o u n d n u t , and s o r g h u m 
are m a j o r c rops . So i l s are t r o p i c a l 
f e r rug inous , some are humus-bear ing 
h y d r o m o r p h i c loams and sandy loams 
( A W H C 120-150 m m ) . 
Kenya 
Nairobi ( 1 ° S , 3 7 ° E , 1066 mm ra in fa l l ) . 
Th i s is the center f o r one o f I C R l S A T ' s 
reg iona l ne two rks , the Eastern A f r i c a 
Reg iona l Cereals and Legumes ( E A R -
C A L ) n e t w o r k i n f o u r m a j o r agroeco-
log ica l zones: h i g h , in te rmed ia te , and 
l o w elevat ions, and very d r y low lands . 
Some research on p igeonpea c rop has 
been in i t i a ted recent ly. In Kenya , re­
search on screening s o r g h u m , pear l m i l -
let , and p igeonpea f o r d r y short-season 
adap ta t i on in the l ong ra ins , and in ter -
med ia te adap ta t i on in the shor t ra ins is 
conduc ted a t Kenya Ag r i cu l t u re Re­
search Inst i tu te 's ( K A R I ) Na t i ona l D r y -
land Research Center at Katumani (a l -
t i t u d e 1575 m, 718 mm ra i n fa l l — 
b i m o d a l , M a r c h - M a y ; Oc tobe r -Decem-
ber) . 
F r o m 1990, exper iments w i l l also be 
la id ou t a t K iboko, N a t i o n a l Range 
Research Center o f K A R I , located i n 
S o u t h Cent ra l Kenya . 
Zimbabwe 
Matopos near Bu lawayo (20° S, 2 9 ° E , 
588 mm ra in fa l l ) . O u r cereals imp rove ­
ment p r o g r a m fo r the n ine A f r i c a n 
count r ies o f the S A D C C reg ion i s based 
at M a t o p o s Research Sta t ion . S o r g h u m , 
mi l le t , maize, and cowpea are the impo r ­
tan t crops in the reg ion. The g r o w i n g 
season is f r o m O c t o b e r / N o v e m b e r to 
M a r c h / A p r i l . Soi ls range f r o m sandy 
soils w i t h a n A W H C o f 6 0 m m t o deep-
clay soils w i t h an A W H C o f 180 m m . 
A n n u a l ra in fa l l (September 1988 to 
Augus t 1989) was 533 m m , 10% be low 
average. Ra in fa l l d u r i n g November and 
December was be low average, wh i le 
r a i n fa l l d u r i n g January and Februa ry 
was above average. A large p r o p o r t i o n 
o f the ra in fa l l was received in t w o heavy 
showers. M a r c h was dr ier t han average. 
D a i l y m a x i m u m temperatures i n J a n u ­
ary were 1°C h igher wh i le da i l y m i n ­
i m u m temperatures d u r i n g the g r o w i n g 
season were 1-2 °C lesser. C r o p per­
fo rmance was good . The season was wet 
i n Tanzan ia and Z a m b i a . Ear ly f ros t 
damaged the late-sown so rghum c rop in 
Lesotho. 
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Syria 
Tel H a d y a near A l e p p o (36° N, 3 7 ° E , 
340 mm ra in fa l l ) . Here o u r staf f w o r k 
w i t h the I n te rna t i ona l Center f o r A g r i ­
c u l t u r a l Research in the D r y Areas 
( I C A R D A ) o n kabu l i - t ype ch ickpea f o r 
sp r ing o r w in te r sow ing in the Med i t e r ­
ranean reg ion , and S o u t h and Cent ra l 
A m e r i c a . T h e g r o w i n g season is f r o m 
N o v e m b e r to June. Soi ls are deep red to 
h e a v y b l a c k ( A W H C 8 0 - 1 2 0 m m ) . 
W h e a t , bar ley , ch ickpea, l en t i l , and 
faba bean are the i m p o r t a n t crops in 
th is reg ion . R a i n f a l l in 1988/ 89 was 235 
m m , 3 2 % be low average. The ra in fa l l 
d i s t r i b u t i o n was qu i te er ra t ic d u r i n g the 
season. M o r e t han 8% o f the ra in fa l l 
was received before December . The 
g r o w i n g season was coo l and d ry . C r o p 
y ie lds were poor . There was a s ign i f i ­
cant r educ t i on o f area under chickpeas 
in Syr ia . 
Mexico 
E l Batan ( 1 9 ° N , 9 9 ° W , 750 m m r a i n ­
fa l l ) . O u r breeder (based a t C e n t r o 
In te rnac iona l de M e j o r a m i e n t o de M a i z 
y T r i g o [ C I M M Y T ] ) and ag ronomis t 
w o r k on h igh-a l t i tude, co ld - to le ran t sor­
ghums adapted f o r l ow and i n t e rme ­
d ia te elevat ions i n Cen t ra l and L a t i n 
A m e r i c a , and the Car ibbean . A t E l 
Ba tan , sow ing was delayed and frosts 
occur red ear l ier t h a n n o r m a l , therefore 
the avai lab le g r o w i n g season was qu i te 
shor t . M o s t so rghum cu l t ivars were in 
so f t - dough stage at the t ime of the f ros t . 
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Nigeria 
Bagauda near Kano ( 1 2 ° N , 9 ° E , 832 
m m ra in fa l l ) . O u r West A f r i c a n Sor ­
g h u m I m p r o v e m e n t P r o g r a m ( W A S I P ) 
base has been located at Bagauda near 
K a n o . In 1989, to ta l ra in fa l l was 681 
m m , 18% be low average. R a i n f a l l d u r ­
i n g June to Oc tober was 673 mm (aver­
age 753 m m ) . Ra ins were late th is year. 
Th is caused some delay in sowing . H o w ­
ever, the season extended we l l i n t o 
Oc tobe r (1989 ra in fa l l 68 m m ; average 
12 m m ) . Th is helped the c r o p , p a r t i c u ­
la r l y l a te -ma tu r i ng local so rghum c u l -
t i vars a t the g ra i n - f i l l i ng stage. At the 
research s ta t i on , I C R I S A T so rghum 
var iet ies y ie lded 4.3 t ha* 1 , on an aver­
age; hyb r ids y ie lded abou t 5 t h a - 1 wh i l e 
loca l con t ro l s p roduced a g ra in y ie ld of 
2.8 t ha - 1 . H e a d bug in fes ta t ion reduced 
g ra in yields s l ight ly . C r o p pe r fo rmance 
was general ly sat isfactory. Tempera tu re 
da ta were no t col lected. 
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SORGHUM 
I C R I S A T ' s research in so rghum imp rovemen t i s 
conduc ted by mu l t i d i sc ip l i na ry teams o f scien­
t ists loca ted in As ia a t I C R I S A T Center ( I nd i a ) , 
and at reg iona l centers in West A f r i c a at Bamako 
( M a l i ) and K a n o (N iger ia ) , eastern A f r i c a a t 
N a i r o b i (Kenya ) , southern A f r i c a a t Bu lawayo 
( Z i m b a b w e ) , and L a t i n A m e r i c a a t E l Ba tan 
( M e x i c o ) . These teams conduc t strategic, ap­
p l i ed , and adapt ive research to p rov ide the na­
t i o n a l ag r i cu l t u ra l research systems ( N A R S ) o f 
count r ies in the semi-ar id t rop ics ( S A T ) w i t h : (1) 
screening and other breeding technologies, (2) 
b reed ing l ines to fac i l i ta te deve lopment o f c u l -
t i va rs , (3) seed and po l len parents f o r h y b r i d seed 
p r o d u c t i o n , and (4) cu l t i vars adapted to the var ­
ious agroecosystems in the regions they serve. 
S o r g h u m is w ide ly used in d i f fe rent f o o d 
prepara t ions and as l ivestock feed or forage. In 
recent years, i ts use in commerc ia l b rew ing has 
increased; there is also interest in the p r o d u c t i o n 
o f s o r g h u m starch and o ther i ndus t r i a l p roducts . 
Research on the ma l t i ng and b rew ing qua l i t y o f 
so rghum is conducted in coopera t ion w i t h N A R S 
and the loca l b rew ing i ndus t r y i n N iger ia . M i l -
l i n g p roduc ts , ma l ted and fe rmented foods , and 
compos i te f l o u r are being studied in Z i m b a b w e , 
and I C R I S A T Center i n I n d i a i s co l l abo ra t i ng 
w i t h loca l i ndus t r y i n studies o f s tarch p roduc ­
t i o n f r o m so rghum. 
As the uses of so rghum become more d ivers i ­
f i ed , so w i l l be the demand f o r increased p r o d u c ­
t i o n . Th i s has led to increased research ef for ts to 
p roduce stable cu l t ivars w i t h h i gh y ie ld , resis­
tance to i m p o r t a n t pests and diseases, and 
increased resistance to phys ica l stresses such as 
d r o u g h t tha t are acceptable to end users. Th is 
repor t conta ins h igh l igh ts o f research towards 
meet ing th is goa l . We conduc t th is research in 
consu l ta t ion and close co l l abo ra t i on w i t h N A R S 
in the S A T . Some notab le achievements d u r i n g 
the year inc lude: (1) i den t i f i ca t i on of sources of 
earl iness and p h o t o p e r i o d insens i t i v i t y , (2) 
a d o p t i o n of t w o midge (Contarinia sorghicola)-
Seeds of so rghum lines IS 1347 were sown in 
smal l acry l ic cyl inders (6 .5-cm d iameter by 10-
cm height) con ta in ing sieved soi l packed to b u l k 
densit ies of 1.29 and 1.69 M g - 3 . The cyl inders 
were watered on al ternate days w i t h Hoagland 's 
so lu t i on at ha l f s t rength and placed in a con -
t ro l l ed env i ronmen t r o o m (relat ive h u m i d i t y 
[ R H ] o f 60%, pho tope r i od o f 14 h and l i gh t 
in tens i ty o f 400 µ m o l m - 2 s -1). Wa te r was w i t h ­
held f r o m 20-day-o ld p lants and measurements 
on soi l water content , r oo t g r o w t h rate, leaf 
wa te r po ten t i a l , and leaf ex tens ion rates were 
made over a per iod of 7 days. Measurements on 
soi l water potent ia ls were made w i t h f i l te r paper 
me thod and soi l s t rength was made w i t h a pene­
t rome te r const ruc ted f r o m a plast ic syr inge and 
The Influence of Soil Water Deficits and Soil 
Strength on the Growth of Sorghum Plants 
ICRISAT Center 
Drought 
resistant cu l t i vars , l C S V 745 and I C S V 743, by 
the Depa r tmen t o f Ag r i cu l t u re , Ka rna taka state, 
I n d i a , f o r cu l t i va t i on in midge-endemic areas, 
(3) i den t i f i ca t i on of sources of resistance to ergot 
(Claviceps sorghi) in E t h i o p i a in co l l abo ra t i on 
w i t h the E t h i o p i a n na t i ona l so rghum p r o g r a m , 
(4) i den t i f i ca t i on and deve lopment o f h igh levels 
of resistance to head bug (Eurystylus sp) in cu l t i ­
vars C M S 388 and M a l i s o r 84-7 in M a l i as a 
co l labora t i ve act iv i ty between I C R I S A T and the 
M a l i na t i ona l p r o g r a m , and (5) the successful 
i n t r o d u c t i o n of d o w n y mi ldew (Peronosclero-
spora sorghi) resistance i n t o hybr ids in the 
Sou the rn A f r i c a n Deve lopment C o o r d i n a t i o n 
Conference ( S A D C C ) / I C R I S A T p rog ram. 
Physical Stresses 
4 Sorghum 
ca l ib ra ted by app ly ing a range of pressures to the 
surface of an electronic balance. 
The mo is tu re contents of the soils were 24.3% 
in the l o w - b u l k densi ty and 19.0% in the h igh -
b u l k densi ty t reatments a t the beg inn ing of the 
exper iment . The exper iment ended on day 7 
when so i l water usage was smal l and many plants 
had no v iab le leaves. On day 7 the soi l mo is tu re 
contents were 7.7% in the l o w - b u l k density and 
8.6% in the h igh -bu lk densi ty t reatments. 
Lea f water potent ia ls fe l l be low 1 1 % in p r o ­
p o r t i o n to soi l water potent ia ls a t soi l mo is tu re 
contents be low 1 1 % . 
Lea f ex tens ion rates were l inear ly related to 
so i l water contents and were less than 15%. T h e 
slope of th is re la t ionsh ip was however depend­
ent on the t rea tment (F i g . 1). Leaf extens ion 
rates were also l inear ly related to so i l s t rength. 
The decrease in leaf ex tens ion rate co inc ided 
w i t h the decrease in the rate o f r o o t appearance 
in b o t h t reatments . R o o t appearance rates l ower 
t h a n 0.13 roots p lan t - 1 were also l inear ly re lated 
to soi l s t rength ( F i g . 1). Roo ts o f p lants w i t h no 
reduc t i on in leaf water po ten t i a l exh ib i t ed m o r ­
pho log ica l changes consistent w i t h the effects o f 
mechan ica l impedance ( i .e. , swe l l ing , d i s t o r t i o n , 
and def lec t ion) . I t is suggested tha t so i l s t rength 
decreases r o o t g r o w t h and deve lopment by re­
d u c i n g the effectiveness o f r o o t t u r g o r po ten t i a l . 
I t i s postu la ted tha t the reduc t i on in r o o t ac t i v i t y 
affected leaf g r o w t h by the reduced t rans loca­
t i o n o f g r o w t h hormones to the shoot . 
Terminal Drought Stress: Grain Growth 
Characteristics of Sorghum Genotypes 
K n o w l e d g e o f the mechan ism o f assimi late p r o ­
d u c t i o n and d i s t r i b u t i o n in p lan t par ts , espe­
c ia l ly d u r i n g the g ra in - f i l l i ng stage, is essential 
f o r unders tand ing genotype di f ferences in resist­
ance to b io t i c and ab io t ic stresses. Last year we 
repor ted ( I C R I S A T A n n u a l Repo r t 1988, p p . 
3-4) the d i f ference in t rans loca t ion o f pho toas-
s imi lates to the deve lop ing g ra in in sta lk r o t -
resistant and-susceptible genotypes. We fo l lowed 
tha t s tudy w i t h a deta i led analysis of g ra in 
g r o w t h in these and other con t ras t ing genotypes. 
F o r th is , the usual S-shaped g ra in g r o w t h curve 
( F i g . 2) was d iv ided in to three segments us ing the 
f o l l o w i n g equa t i on in w h i c h the g ra in d ry mass 
( Y ) was f i t t ed to the t ime af ter anthesis in days 
( D A A ) ( t ) : 
E q u a t i o n 1. 
F r o m equa t i on 1 , the p o i n t o f i n f l ec t ion i n the 
curve ( T I ; F i g . 2) was c o m p u t e d . The slope o f the 
curve a t th is po in t represents m a x i m u m g ra in 
g r o w t h rate ( R T ) . TB represents the t ime o f 
beg inn ing o f rap id and l inear g ra in g r o w t h phase 
( D A A ) , and T E , the t ime o f end o f tha t phase. 
TB was taken to be ( b - 2 ) / K , and TE to be 
Figure 1. Relationship between (a) soil strength and 
leaf extension rate and (b) soil strength and root 
appearance rate Nonshaded symbols represent 
lo w-, and shaded symbols represent high-bulk density 
treatments. 
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Figure 2. Schematic diagram representing the three 
different phases of grain growth in sorghum. Arrows 
indicate the timing of different events during plant or 
grain growth. Tl is the point of inflection of the whole 
grain growth curve. TB and TE are the times of begin-
ning and ending of rapid grain growth phase. 
( b + 2 ) / K . Th is gave respective g ra in masses of 
12% and 8 8 % o f the est imated asympto t i c g ra in 
masses ( A ) w h i c h accomodated most o f the 
g r o w t h p e r i o d . The d i f ference between TE and 
TB represents the d u r a t i o n o f rap id g ra in g r o w t h 
( G G D i n days) a t R T ( i n m g g r a i n - 1 day - 1 ) . The 
m idd le phase accounts f o r abou t three-quarters 
of the f i na l g ra in mass, as g r o w t h rates d u r i n g 
the o ther t w o phases are l ow . The beg inn ing and 
end o f th is m idd le segment ( T B and TE in F i g . 1 ) 
and its slope ( R T ) are most usefu l f o r c o m p a r i n g 
genotypes. 
We sampled 10 grains (caryopses) each f r o m 
the m i d - po r t i ons of the panicles f r o m 16 plants 
tagged at anthesis. Th is was f o l l o w e d by sam­
p l i n g a t 2 -3 days ' i n te rva l t i l l phys io log ica l 
m a t u r i t y . A l l genotypes f lowered w i t h i n 59-65 
days, except C S H 6 ( f lowered ear ly ; Tab le 1). 
Hence the env i ronmenta l cond i t ions du r i ng gra in 
f i l l i n g were s im i la r f o r a l l the genotypes except 
C S H 6. Genotypes showed substant ia l va r ia t i on 
f o r T B , T E , G G D , and R T (Tab le 1). The R T 
var ied f r o m 0.83 to 1.51 mg g ra in - 1 day - 1 . Geno-
typ ic dif ferences i n G G D were smal l . M i d g e -
resistant lines began rap id g ra in g r o w t h soon 
after f lower ing ( l ow T B ; mean = 7.7±1.2 D A A ) , 
wh i le the roo t and stalk rot- resistant (nonsenes-
cent) l ines began late (12.3±0.5 D A A ) . I t is 
k n o w n that rap id ba l l oon ing o f g ra in is useful 
fo r midge resistance, and slower i n i t i a t i on o f 
g ra in f i l l i ng f o r stalk ro t resistance. B o t h hybr ids 
were in termedia te between the above t w o groups 
of genotypes w i t h respect to this character. 
F i n a l seed size was h igh ly corre lated w i t h RT 
(r=0.964; P <0 .001) , bu t poo r l y w i t h G G D 
(r=0.287; P > 0 . 0 5 ) in the present data set. H o w ­
ever, the impor tance o f G G D should not be 
underes t imated . F o r examp le , i n the t w o midge-
resistant l ines, I C S V 197 showed a G G D of 18.7 
days, its seed size being 1.9 g (100 seeds)-1 and 
I C S V 745 showed a G G D of 25.4 days w i t h a 
seed size of 2.8 g (100 seeds) -1. Thus , short TB 
and l ong G G D may be useful in selecting b o l d -
gra ined midge-resistant cu l t ivars . G G D and R T 
were no t co r re la ted , suggesting the poss ib i l i ty o f 
s imu l taneous ly i m p r o v i n g bo th these c o m p o ­
nent t ra i ts wh i le breeding fo r bo ld seeds. 
In a second s tudy , we f o u n d that t e rm ina l 
d r o u g h t stress reduced b o t h TE and TB (hasten­
ing g ra in g r o w t h ) , bu t had l i t t le effect on G G D in 
I C S V 197 and I C S V 745. However , the rate o f 
g ra in g r o w t h decreased by an average of 2 7 % 
under d r o u g h t stress. S i m i l a r l y a t h i rd s tudy 
ind ica ted tha t n i t rogen (N ) stress s ign i f icant ly 
reduced R T . The changes in G G D due to N 
stress levels were smal l and not s igni f icant . 
Photoperiod 
At present we are breeding sorghums f o r ea r l i -
ness and p h o t o p e r i o d insens i t iv i ty . In the d r y 
season, we screened 170 s o r ghum genotypes 
Screening for Identification of Sources 
of Earliness and Photoperiod Insensitivity 
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Table 1. Grain growth characteristics and other agronomic traits of sorghum genotypes at I C R I S A T 
Center, in the 1988 postrainy season. 
Group/ 
genotype 
Hybrids (controls) 
CSH 6 
ICSH 110 
Stalk rot resistant 
E 36-1 
Q 102 
Q 104 
Midge resistant 
P M 1562 
ICSV 197 
ICSV 745 
Mean 
M i n i m u m 
Max imum 
SE 
CV (%) 
Rapid grain-fi l l ing phase 
Start 
(TB1 ; DAA 2 ) 
8.3 
10.7 
12.1 
11.4 
13.3 
7.7 
9.8 
5.6 
9.86 
5.60 
13.30 
±0.90 
26 
End 
(TE3;DAA) 
30.8 
29.9 
33.1 
33.0 
36.9 
26.9 
28.5 
31.0 
31.3 
26.9 
36.9 
±1.09 
10 
Durat ion 
(GGD 4 ; days) 
22.2 
19.2 
20.9 
21.6 
23.5 
19.2 
18.7 
25.4 
22.3 
18.7 
25.4 
±0.83 
11 
Rate 
RT5 
1.10 
1.08 
1.51 
0.95 
1.31 
0.95 
0.83 
0.95 
1.09 
0.83 
1.51 
±0.08 
GS36 
(days) 
33 
38 
41 
41 
40 
37 
34 
37 
38 
33 
41 
±1.1 
Seed size 
g (100 seeds)-1 
2.84 
2.50 
3.90 
2.62 
3.45 
2.45 
1.92 
2.77 
2.81 
1.92 
3.90 
±0.22 
22 
Time to 
50% flowering 
(days) 
56 
63 
59 
60 
60 
65 
60 
61 
61 
56 
65 
±0.9 
4 
1. TB = Beginning of rapid grain-f i l l ing phase, 
2. D A A = Days after anthesis. 
3. TE = End of rapid grain-f i l l ing phase. 
4. G G D = Dura t ion of rapid grain growth phase in days. 
5. RT = Rate of dry matter accumulation in grain (mg grain-1 day - 1). 
6. GS3 = Grain- f i l l ing phase ( f rom anthesis to physiological matur i ty) in days. 
g r o w n under i r r i ga t i on f o r these t w o t ra i ts . We 
m o n i t o r e d f lower ing t ime (days) under b o t h 
n o r m a l day leng th ( N D ; 13 h at sow ing i nc lud ing 
tw i l i gh t ) and ar t i f i c ia l ly extended daylength ( E D ; 
17 h, by us ing a bank of tungsten lamps placed 
above the canopy in the f ie ld) . We ident i f ied 
genotypes that f lowered w i t h i n 55 days after 
sow ing ( D A S ) under b o t h N D and E D , a s sour­
ces of earl iness and p h o t o p e r i o d sensi t iv i ty ; they 
inc luded IS 24439, IS 12919, IS 24421, and IS 
2322. ED suppressed t i l l e r ing in most genotypes 
except in the f o l l o w i n g : IS 21962, IS 3075, IS 
9 7 6 1 , and IS 1347; these were also early and 
re lat ive ly pho tope r i od insensit ive. 
Screening Seed Parents (B- and R-lines) 
for Photoperiod Response 
Know ledge of the p h o t o p e r i o d response of seed 
parents is a prerequis i te f o r breed ing hybr ids of 
appropr ia te ma tu r i t y f o r d i f ferent adap ta t ion 
zones. D u r i n g the ra iny season we screened 66 
B-l ines and 274 R-l ines fo r the i r responses to 
p h o t o p e r i o d under bo th ND (13.5 h a t sowing) 
and ED (17 h) . We observed a m a x i m u m delay 
of 38 days in a B- l ine, and a delay of 42 days in a 
few R-l ines under E D . W e f o u n d m a x i m u m 
v a r i a t i o n in p h o t o p e r i o d response in the l ines 
f l ower ing between 60-75 days under N D . A m o n g 
8 21 
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the R- l ines, 4 6 % of the lines were considered as 
ei ther pho tope r i od insensit ive or least sensitive 
(no delay or delay of less t han 10 days under 
E D ) , 3 6 % of the l ines were modera te ly sensitive 
(delay o f > 1 0 days, bu t < 2 0 days), and 18% o f 
lines h igh ly sensitive (delay o f > 3 0 days). A m o n g 
B-l ines, 4 5 % were either insensit ive or least pho ­
t ope r i od sensit ive, 3 7 % moderate ly sensitive, 
and 21 % h igh ly sensitive. 
Breeding for Resistance to Grain M o l d 
We evaluated 31 advanced breeding l ines, w h i c h 
had been resistant in the prev ious year's t r ia ls , 
under sp r ink le r i r r i ga t i on to enhance g ra in m o l d 
deve lopment . Twe lve l ines gave a threshed g ra in 
m o l d ra t i ng ( T G M R ) of 3 or less on a 1-5 scale, 
where 1 = no m o l d and 5 = more t h a n 5 0 % of 
g ra in surface area m o l d e d , bu t they were u n i ­
f o r m l y p o o r agronomic types. 
We screened 257 F 4 - F 6 progenies, also under 
spr ink ler i r r i ga t i on , and selected 671 single plants 
and 26 bu l ks w i t h a T G M R less t h a n 3 and 
he ight less t h a n 2.5 m. In cont ras t to ou r p re­
v ious a p p r o a c h , we selected co lo red - as we l l as 
wh i te -g ra in segregants. The deve lopment o f 
mold- res is tant , wh i te -g ra in lines w i t h good g ra in 
y ie ld and ag ronomic aspect has remained e lu ­
sive, and we feel tha t deve lopment of co lored 
g ra in l ines offers more immed ia te chances of 
successful ly c o m b i n i n g resistance w i t h accepta­
ble y ie ld po ten t ia l and agronomic characterist ics. 
We r a n d o m mated the g ra in mold- res is tant 
p o p u l a t i o n w h i c h was in i t ia ted in 1987. By the 
end o f the year, f ou r r a n d o m mat ings had been 
carr ied out . 
oped by the A l l I n d i a Coo rd i na ted S o r g h u m 
Imp rovemen t Project ( A I C S I P ) , has consist­
ent ly generated successful hybr ids but has shown 
susceptibi l i ty to downy mi ldew ( D M ) . We crossed 
the co r respond ing B-l ine, 296B, t o the D M -
resistant l ine, QL 3. We evaluated the F2 at 
D h a r w a d and the F 3 a t I C R I S A T Center, and 
screened 21 selected F4 progenies fo r resistance 
in the greenhouse. We f ound f ive progenies 
where al l p lants were resistant and 13 that were 
segregating resistant types. We t ransplanted the 
selected resistant plants and backcrossed them 
to 296B and at the same t ime testcrossed them on 
to cytop lasmic male-steri le lines to ident i fy m a i n -
ta iner l ines. By this means, and by repeat ing the 
backcross ing procedure , we hope to ident i fy a 
DM- res i s t an t var ian t o f 296B fo r convers ion to 
male ster i l i ty . 
Anthracnose (Colletotrichum graminicola) 
Greenhouse inoculation technique. We devel-
oped procedures to create leaf anthracnose in the 
greenhouse. I n o c u l u m of C. graminicola was 
p roduced as fo l l ows . Sma l l pieces of green leaves 
o f s o r g h u m were moistened and autoc laved in 
f lasks at 120°C f o r 25 m i n , coo led , then seeded 
w i t h a spore suspension of the pathogen and 
incubated at 26±2°C fo r 7 days when abundant 
con id i a were p roduced . To ident i f y a sui table 
p lan t g r o w t h stage f o r i n fec t i on and disease 
development , 11 stages ( f r o m fou r fu l l y expanded 
leaves stage to ha rd -dough g r o w t h stage) of the 
susceptible s o r g h u m l ine H 112 ( IS 18442) were 
incuba ted a t 22-28° C and > 9 0 % RH under d i f ­
fused l ight in a special ly bu i l t c l o th chamber in 
the greenhouse fo r 48 h before i nocu la t i on . 
Plants were spray- inocu la ted w i t h a con id ia l 
suspension (4 x 105 con id ia m L - 1 ) , incubated in 
the same c lo th chamber env i ronment fo r 48 h, 
and re turned to the greenhouse bench fo r symp­
t o m deve lopment . Symp toms developed 4 - 6 
days after i nocu la t i on at a l l the 11 p lant g r o w t h 
stages. However , p lants at g r o w t h stages earl ier 
t h a n the 8-10 leaves stage d ied f r o m in fec t i on 
and p lants at later g r o w t h stages were uneco­
n o m i c a l to ma in ta i n in the greenhouse. There-
Biotic Stresses 
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Breeding for Resistance to D o w n y Mi ldew 
(Perenosclerospora sorghi) 
The el i te male-ster i le l ine 296A, w h i c h was devel -
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f o re , we selected the 8-10 leaves stage f o r i nocu ­
l a t i on in greenhouse screening f o r resistance to 
anthracnose. 
Infection and colonization of leaves and symp-
tom expression. We s tandard ized the h is topa-
t h o l o g i c a l methods to invest igate the process o f 
i n fec t i on and co lon i za t i on of so rghum leaves by 
C. graminicola. Plants of the susceptible sor­
g h u m l ine H 112 were inocu la ted as stated 
above , under the greenhouse i nocu la t i on tech­
n ique . The s i x th leaf was sampled every 2 h up to 
12 h, then every 4 h up to 48 h, and f i na l l y every 
24 h up to 168 h of i n o c u l a t i o n . Lea f samples 
were processed by a mod i f i ca t i on of the ch lo ra l 
hyd ra te and lac topheno l leaf-c lear ing technique 
f o r l i gh t mic roscop ic e x a m i n a t i o n . The aseptate 
con id i a of C. graminicola became bice l lu lar and 
germina ted by 1-4 ge rm tubes w i t h i n 12-24 h 
af ter i n o c u l a t i o n . G e r m tubes p roduced d a r k 
b r o w n appressor ia u p o n contac t w i t h the host 
ep idermis . The appressor ium became l ighter in 
co lo r on the side appressed to the epidermis and 
a peg appeared tha t penetrated t h r o u g h the c u t i ­
cle i n t o the ep iderma l cel l . U p o n penet ra t ion , a 
bu lbous p r i m a r y vesicle was f o r m e d that fu r the r 
b ranched i n to a secondary vesicle and co lon iz ing 
hyphae. F u n g a l hyphae were seen in the c o l o n ­
ized tissues 36-48 h af ter i n o c u l a t i o n , and d is­
ease symp toms appeared 60-72 h later. 
Resistance screening. We screened 1324 breed­
ing l ines under na tu ra l i n fec t i on cond i t ions at 
Pantnagar , U t t a r Pradesh, where, i n add i t i on to 
anthracnose, o ther leaf diseases, no tab ly zonate, 
g ray , and ova l leaf spots appeared. There fo re 
test entr ies were scored f o r a l l f o u r leaf diseases 
together . E i gh t y - f ou r advanced breeding lines 
were resistant ( 6 - 1 0 % of leaf area damaged) 
i n c l u d i n g nine (A 2252, A 2267-2, A 904, A 905, 
A 909, I C S A 37 x MR 933, I C S V s 162, 173, and 
208) w h i c h were resistant f o r the second year. 
ments to s tudy the re la t ionsh ip between po l l i na ­
t i o n , f e r t i l i z a t i o n , and ergot deve lopment i n the 
p ro togynous s o r ghum genotype B u l k - Y i n o c u ­
lated 4, 3, 2, and 1 day before or af ter p o l l i n a t i o n 
(anthesis) , and also at anthesis. We also sampled 
spikelets f r o m each p o l l i n a t i o n t rea tment a t 24-h 
in terva ls to observe the ge rm ina t i on o f po l len 
and o f ergot c o n i d i a on st igmas and the g r o w t h 
o f po l l en tubes and in fec t i on hyphae in styles 
and ovaries us ing f luorescence microscopy ( F M ) . 
The percentage o f spikelets w i t h po l len on 
s t igma (po l l i na ted ) , and po l l en tube in ovu le 
( fer t i l ized) were calculated f r o m the F M data . 
The percentage of infected spikelets (ergot sever­
i t y ) was calcu lated f r o m records o f the n u m b e r 
o f inocu la ted and infected spikelets in the f i e ld . 
C o n i d i a germina ted on the s t igma and infec­
t i o n hyphae reached the style in 24 h, pa r t i a l l y 
co lon ized the ovaries in 48 h and extensively 
co lon ized the ovaries in 72 h. Po l len germinated 
on st igmas and most o f the po l len tubes reached 
the ovaries in 24 h. Thus the rate o f g r o w t h of 
po l len tubes was faster t han tha t o f in fec t ion 
hyphae. Howeve r , in a few cases, i n fec t ion 
hyphae and po l len tubes grew s imul taneous ly in 
the pist i ls ; th is explains w h y b o t h g ra in and f u n ­
gal s t r oma can g r o w together i n so rghum ( I C R I -
S A T A n n u a l Repor t 1988, pp . 5-6) . 
D a t a in Tab le 2 show tha t spikelets inocu la ted 
1-4 days after anthesis were a l l po l l i na ted , bu t 
7.8% were no t fer t i l ized and thus remained sus­
cept ib le , as c o n f i r m e d by da ta show ing 4 - 1 0 % 
ergot severi ty in the f i e ld . E rgo t severity i n ­
creased to 8 7 - 9 5 % in spikelets inocu la ted 2 -4 
days before anthesis. A m o n g these spikelets 
9 1 - 1 0 0 % were po l l ina ted bu t on l y 11 -14% were 
fer t i l i zed. There fore , ef f ic ient po l l i na t i on d i d no t 
ensure h igh fe r t i l i za t ion rates. D a t a in Tab le 2 
also show tha t ergot severity increased in t reat ­
ments w i t h l ow levels o f fe r t i l i za t i on . There fore , 
p o l l i n a t i o n per se d i d no t c o n t r o l ergot . The da ta 
also show that f e r t i l i za t i on was effect ive in c o n ­
t r o l l i n g ergot bu t d i d no t prevent the pa thogen 
f r o m co lon iz ing a few pist i ls. 
Infection through ovary wal l . We conduc ted 
an exper imen t to determine i f C. sorghi con id ia 
can infect pist i ls t h r o u g h the ovary w a l l . We 
Ergot (Claviceps sorghi) 
Relationship of poll ination, fertilization and 
ergot infection. We conducted field experi-
Bacterial Stalk and Top Rot (Erwinia 
chrysanthemi pv. zeae) 
A sta lk and t o p r o t disease of s o r g h u m was 
observed d u r i n g the 1987 and 1988 c rop seasons 
at Pantnagar , U t t a r Pradesh. The disease was 
severe on several genotypes w i t h 6 0 8 0 % inc i ­
dence. In fected plants showed signs o f w i l t i n g o f 
ap ica l leaves and ye l l ow ing of lower leaves. 
In fected stalks tu rned b r o w n , were f u l l o f bacte­
r i a l exudate , and col lapsed f r o m ro t ten in ter -
nodes. R o t t i n g was fast, and p lants were k i l l ed 
w i t h i n 2 -3 days after the appearance of symp­
toms. A bac te r i um consistent ly associated w i t h 
disease symptoms was ident i f ied as Erwinia 
bands ( so rghum str ipe disease, S S t D ) was o b ­
served on so rghum at several locat ions in I nd ia 
w i t h over 10% incidence. The affected plants 
were dwar fed and either had poo r panicle exser-
t i o n or the i r panicles were no t f o r m e d . Th is d is­
ease S S t D cou ld be t ransmi t ted by the de lphac id 
p lan t hopper (Peregrinus maidis) to so rghum 
bu t no t to f inger mi l le t (Eleusine coracana), 
Pennisetum glaucum, Pennisetum violaceum, 
wheat (Triticum aestivum), and maize (Zea 
mays). The disease was seen to be caused by a 
tenu iv i rus serological ly related to maize str ipe 
v i rus ( M S t V ) . V i rus part ic les were f i l amented , 
less t h a n 10 nm in w i d t h . The pur i f i ed v i rus 
p repa ra t i on conta ined on ly one po lypept ide o f 
38 000 da l tons . E igh t species of nucleic acids (4 
s s R N A of 1.20, 1.05, 0.99, 0.86 x 106 da l tons and 
4 ds R N A of 2.5, 1.75, 1.45, 0.71 x 106 da l tons) 
were ext racted f r o m pur i f i ed v i rus preparat ions. 
W h e n denatu red , the 4 d s R N A species migra ted 
a long w i t h the 4 s s R N A species ind ica t ing tha t 
d s R N A con ta ined dup lex R N A o f the same 
molecu lar weight as the 4 ssRN A. In the Enzyme-
L i n k e d Immunoso rben t Assay ( E L I S A ) and 
Western b lo ts , the v i rus reacted s t rongly w i t h 
M S t V isolates f r o m U S A , R e u n i o n , and Vene­
zuela and weak ly w i t h an an t iserum to rice str ipe 
v i rus f r o m Japan . The v i rus was named M S t V -
So rg t o d is t ingu ish i t f r o m M S t V w h i c h readi ly 
infects maize. Th is is the f i rs t repor t of the occur­
rence of a tenu iv i rus in the I nd ian subcont inent . 
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Table 2. Pol l inat ion, fertil ization, and infection 
percentages of spikelets inoculated with Clavi-
ceps sorghi 1 -4 days before and after anthesis 
and at anthesis, I C R I S A T Center, postrainy 
season 1988/89. 
Inoculation 
Days before anthesis 
4 
3 
2 
1 
At anthesis 
Days after anthesis 
1 
2 
3 
4 
Noninoculated control 
Correlation 
% pollinated spikelets 
% fertilized spikelets 
Spikelets (%) 
Pol l i -
nated1 
91 
100 
96 
75 
100 
100 
100 
100 
100 
-2 
Ferti l-
ized1 Infected 
14 95±2.2 
11 92±2.2 
11 87±2.4 
54 52±2.5 
77 32±3.7 
83 10±2.6 
97 5+2.8 
91 6±3.2 
98 4±1.95 
- 0 
0.292 -0.332 
- 0 . 9 9 1 * * 
1. Based on observation of pollen tube growth in softened 
and squashed pisti l tissues under fluorescence microscopy. 
2. - Data not taken. 
** Signif icantly different f rom 0, P < 0 .1 . 
i nocu la ted ovaries of the genotype IS 10558 by 
carefu l ly p lac ing a m ic ro -d rop le t of con id ia l 
suspension (106 con id ia m L - 1 ) on each ova ry 
w h e n the g lumes gaped to expose the ovaries at 
the t ime o f po l l i na t i on . A l l inocu la t ions were 
done under a stereoscopic b inocu la r microscope 
to ensure tha t con id ia l i n o c u l u m d i d no t t o u c h 
any par t o f the p is t i l except the ovary wa l l . 
Results showed that 17% of spikelets were 
infected i f ovaries were inocula ted d i rect ly . These 
results ind icate the poss ib i l i ty o f d i rect in fec t ion 
o f pist i ls t h r o u g h the ovary w a l l under na tu ra l 
i n fec t ion cond i t ions . 
Sorghum Stripe Disease 
A disease character ized by ch lo ro t i c str ipes and 
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chrysanthemi pv. zeae. I ts pa thogen ic i t y as the 
cause of the disease was proved in greenhouse 
tests. Th is is the f i rst repor t of this bac te r ium as a 
cause of stalk and top ro t disease of so rghum 
under na tu ra l cond i t ions in Ind ia . 
Effect of soil temperature and moisture on the 
germinat ion and viabi l i ty of Striga seeds. 
Exper imen ts were conducted in the l abo ra to ry 
to invest igate the effect of soi l temperature and 
mo is tu re on Striga seeds. M o i s t and d ry seeds 
were incuba ted a t 20 ° , 3 0 ° , 4 0 ° , 50° , 60 ° , and 
70° C af ter w h i c h they were tested f o r ge rmina­
t i o n us ing f reshly ext racted so rghum roo t e x u ­
date. Seed v i a b i l i t y was also examined using 
t r i p h e n y l t e t r azo l i um ch lo r ide so lu t ion . Results 
showed tha t soi l mo is tu re and temperature had a 
s ign i f icant in f luence on seed g e r m i n a t i o n . M o i s t 
seeds incubated above 40° C d id not germinate 
and were also nonv iab le . The g e r m i n a t i o n o f d r y 
seeds was 14% (SE ±1.0) at 2 0 ° C and increased 
to 6 4 % (SE ±2.5) a t 7 0 ° C . Seed v i a b i l i t y in the 
d r y t rea tment was not affected by the range of 
temperatures used in th is s tudy and remained 
cons tan t ly h igh (89 ± 1.1%). Ne i ther tempera tu re 
in the range of 20-70° C no r mo is tu re was effec­
t ive in k i l l i n g or reduc ing seed v iab i l i t y w h e n 
appl ied separately. 
L a b o r a t o r y f ind ings were tested under f ie ld 
cond i t i ons d u r i n g the ho t d r y season on a Ver -
t i so l . Striga seeds in n y l o n bags were bur ied 20 
mm be low mois t soi l surface. Plots were covered 
w i t h clear po ly thene, hay m u l c h or left bare in 
o rder to vary soi l tempera ture and mo is tu re c o n ­
tent . The mean da i ly m a x i m u m temperatures 
recorded at 20 mm soi l dep th were 60° C f o r the 
po ly thene , 48° C f o r the hay m u l c h , and 37° C f o r 
the bare so i l . Because evapo ra t i on rate was 
reduced in po ly thene and hay-covered p lo ts , so i l 
mo is tu re at a dep th of 100 mm remained w i t h i n 
the range o f 2 5 - 3 0 % , whereas in bare so i l , mo is ­
tu re content was less than 15% t h r o u g h o u t the 
expe r imen t . A f t e r 34 days o f i n c u b a t i o n , the 
e x h u m e d seeds f r o m po ly thene-covered soils d i d 
A f t e r f o u r years o f select ion f o r loca l adap ta t i on 
and D M resistance, 7 2 % o f the entr ies i n the 
S A D C C Advanced H y b r i d T r i a l and 7 0 % i n the 
S A D C C El i te H y b r i d T r i a l had a mean D M 
incidence be low 5% a t M a t o p o s , Z i m b a b w e . In 
the S A D C C p re l im ina ry h y b r i d t r i a l wh i ch 
received a h igher select ion pressure f o r DM 
resistance, u p t o 9 0 % o f the entries had D M 
incidence be low 5%. The A- l i nes , A T x 623 and 
D 2 A , gave many resistant hybr ids . H i g h l y resis­
tan t hybr ids ( D M incidence be low 1%) were 
M M S H 178 ( Z a m b i a n h y b r i d ) , A T x 623 x SV 1 
( Z i m b a b w e h y b r i d selected f r o m I C S V 112), 
D 2 A x D 8 R , S D S H s 2 , 3 , 6 , 38, 47, and 48 f r o m 
the S A D C C / I C R I S A T breeding p r o g r a m . 
W e began screening fo r D M resistance i n f o r -
Striga asiatica 
D o w n y Mi ldew (Peronosclerospora sorghi) 
Southern Af r ica 
not germina te o r show v i a b i l i t y w h e n exposed to 
s o r g h u m r o o t exudate . Seeds bu r ied under hay 
m u l c h or bare soi l were no t af fected, p robab l y 
due to the absence of le thal temperatures as 
observed under hay m u l c h , o r lack o f suf f ic ient 
mo is tu re as in the case of the bare soi l t rea tment . 
I n Ver t iso ls , o p t i m u m soi l mo is tu re content i n 
the range o f 2 5 - 3 0 % ( w / w ) was p r o b a b l y neces­
sary to weaken seed coats, thus m a k i n g the seeds 
vu lnerab le to soi l temperatures exceeding 45° C. 
I n a d d i t i o n , under cons tan t ly mo is t cond i t i ons , 
the rate of seed de te r i o ra t i on was inversely p r o -
p o r t i o n a l t o b o t h the d u r a t i o n and in tens i ty o f 
temperature . 
These results ind icate tha t the large reservoir 
of Striga seeds stored in the upper 100 mm of 
infested soils (a ma jo r p r o b l e m in the S A T ) , can 
be great ly reduced i f f ie lds are kept mo is t f o r 2 -3 
weeks in the off-season when soi l temperature is 
su f f ic ient ly h i gh ( > 4 5 ° C ) . Howeve r , since in 
most soi ls, temperatures above 40° C are rare ly 
observed be low 100 mm soi l depths, seeds bur ied 
at deeper layers may escape the comb ined le thal 
effects o f h igh tempera tu re and mo is tu re , bu t 
may be affected i f b rough t to the surface d u r i n g 
land p repara t ion . 
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age and sweet stem sorghums. A b o u t 2 0 % of the 
130 S A D C C forage sorghums and on ly one of 
the 90 sudan grass i n t roduc t i ons had mean DM 
inc idence be low 5% at three test ing sites in Z i m ­
babwe. The sudan grass S D S G 101 [ ( T A M BK 
50(79-1934)] was h igh ly resistant. S D S G 30 ( IS 
722), S D S G 96 (s i lk so rghum) , S D S G 97 (Shan -
gan i sudan grass), and S D S G 98 ( Q L 18) had 
D M incidence be low 10%. S i x t y - t w o percent o f 
the 327 forage sorghums f r o m Miss iss ipp i , U S A , 
and 21 % of the 500 in the w o r l d co l lec t ion of 
sweet stem sorghums f r o m Georg ia , U S A , had 
less t h a n 5 % D M incidence. 
Ergot (Claviceps sorghi) 
D u r i n g surveys made f r o m 1985 to 1989, we 
observed ergot i n a l l S A D C C count r ies a t a l t i ­
tudes f r o m 100 to 2000 m, and at sites w i t h t o ta l 
annua l r a i n f a l l rang ing f r o m 500 to 1080 m m . 
Ra in fed as we l l as i r r iga ted d ry season crops 
were af fected. Ergo t occurred even d u r i n g June 
and J u l y , when n igh t temperatures were as l ow 
as 0 ° C , bu t w i t h m a x i m u m day temperatures 
rang ing f r o m 12 to 27° C. O n l y at some locat ions 
we observed ergot annua l l y , and here severities 
ranged f r o m l o w (A is leby F a r m near Bu lawayo , 
Z imbabwe) to h igh (Gweb i Col lege near Harare) . 
In Bo tswana , ep iphy to t ics occur red in 1977 and 
again in 1988. L o c a l and in t roduced so rghum 
(cu l t i va rs , popu la t ions w i t h male s ter i l i ty , hy ­
b r ids , and A- l ines) were af fected. In A- l ines and 
also in susceptible cu l t ivars and hybr ids , a lmost 
a l l of the spikelets in a panic le were affected. 
mass, we grew 13 susceptible genotypes at L o n -
goro la ( M a l i ) in fungicide-treated and nontreated 
p lo ts w i t h three rep l ica t ions, and p lo t size o f t w o 
rows 4 -m long . Plants in t reated plots were per i ­
od ica l l y sprayed to r u n o f f w i t h a fungic ide m i x ­
ture o f 5 0 % maneb and 2 5 % methy l th iophana te 
at 3 kg ha - 1 . P lants in the nont reated plots were 
sprayed to r u n o f f w i t h water each t ime the o ther 
p lo ts were t reated w i t h the fung ic ide. Fung ic ide-
treated and nont reated p lo ts were separated by 
f o u r rows of a ta l l local pear l m i l le t genotype. 
Disease severity ra t ing ( D S R ) was carr ied out 
week ly d u r i n g an 8-week per iod f o r the top f o u r 
leaves of 12 tagged p lants in each p lo t . Disease 
rat ings were based on a 1-6 scale, where 1 = no 
G L S symp toms , and 6 = more than 75% of leaf 
area in fected. G r a i n masses were taken f r o m the 
12 tagged plants. D a t a were analyzed w i t h f u n g i ­
cide t reatments as m a i n p lots and genotypes as 
subp lo ts , us ing the f i na l D S R taken a t 75 D A S . 
Lea f anthracnose masked symptoms o f G L S in 
six o f the genotypes. We d id no t inc lude these 
genotypes in the data . A l l the seven genotypes 
analyzed f lowered between 59 and 72 days. 
G r a i n masses reduced by 5% fo r IS 25074 and 
by 2 7 % fo r 1CSV 16-3 BF in nontreated plants. 
G r a i n masses f o r the rema in ing f ive genotypes 
were ei ther s imi la r in t reated and nont reated 
p lan ts , or were s l ight ly h igher in nont reated 
p lants (Tab le 3). These results suggest that under 
na tu ra l i n fec t i on cond i t i ons , G L S may have l i t ­
t le effect on g ra in mass in some so rghum geno­
types. We had classif ied three of the six geno­
types at tacked by C. graminicola as h igh ly 
suscept ible ( H S ) to G L S because o f ei ther the 
ear ly appearance or the more rap id deve lopment 
o f the disease, or b o t h , on these genotypes. The 
disease cou ld cause more damage to these HS 
types. 
Witch weed (Striga hermonthica) 
We conducted an exper iment to con t ro l Striga 
by so i l so la r iza t ion on a heavi ly infested farmer 's 
f i e ld . We i r r iga ted the p lo t to f ie ld capaci ty in 
A p r i l . Treatments consisted o f cover ing the 
g r o u n d w i t h a b lack po lye thy lene sheet f o r 15 
West Africa (Mal i ) 
Gray Leaf Spot (Cercospora sorghi) 
We repor ted earl ier that i n i t i a l symptoms o f gray 
leaf spot ( G L S ) appeared late in several so rghum 
genotypes and tha t the disease progressed s lowly 
becoming severe towards c rop m a t u r i t y ( I C R I -
S A T A n n u a l Repor t 1988, p . 6). We had in ferred 
tha t G L S m i g h t no t cause serious y ie ld losses. In 
o rder to assess the effect of the disease on g ra in 
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Table 3. Effect of gray leaf spot (Cercospora sorghi) on grain masses of seven sorghum genotypes at 
Longorola, M a l i , rainy season 19891. 
Genotype 
Nagawhite 
ICSV 16-3 BF 
IS 25074 
ICSV 1001 BF 
CSV 13 
IS 13922 
IS 18445 
SE (Fungicide)2 
SE (Genotype)3 
Mean 
C V ( % ) 4 
Grain mass (g) 
Fungicide 
treated Nontreated 
63.7 64.2 
44.9 32.6 
44.0 41.9 
42.4 45.5 
42.1 43.3 
35.3 37.8 
29.8 29.7 
±2.22 
±4.41 
43.2 42.1 
18 
Weight 
loss 
(%) 
-
27 
5 
-
-
-
-
Disease 
severity 
Fungicide 
treated Nontreated 
2.2 5.0 
2.2 4.3 
2.3 5.0 
1.8 4.7 
2.3 4.0 
2.2 4.5 
2.2 4.7 
±0.12 
±0.34 
2.1 4.6 
18 
Time to 50% 
flowering (days) 
Fungicide 
treated Nontreated 
67 65 
67 68 
60 59 
62 7 2 
63 61 
69 70 
71 72 
±0.34 
±1.88 
66 67 
5 
1. Fungicide treatments as main plots and genotypes as subplots. A l l values for grain mass and disease severity are means of 12 
plants f r o m three replications. Disease severity based on a 1 -6 scale, where 1 = no symptoms and 6 = more than 75% leaf area 
infected, assessed at 75 D A S . 
2. For compar ing fungicides w i th in genotypes. 
3. For comparing genotypes wi th in fungicides. 
4. For subplots. 
days (T 1 ) , and 35 days (T 2 ) , and c o n t r o l w i t h o u t 
po lye thy lene cover ing (T 3 ) . We grew T iemar i f -
i n g , a loca l var ie ty o f s o r g h u m . F ive rep l icat ions 
were made on a p lo t size of 22.4 m 2 . The numbe r 
of Striga p lants tha t emerged 8 weeks after c rop 
emergence was s ign i f i cant ly reduced in T2 (1.79) 
compared w i t h T1 (2.28) and T3 (2.44, SE 
±0.107). S im i l a r l y , g ra in y ie ld was 1.72 t ha - 1 in 
T2 compa red w i t h 0.96 t ha - 1 in T1 and 0.87 t ha - 1 
in the c o n t r o l T3 (SE ± 0.185). 
c l ima to l ogy un i t o f the Resource Managemen t 
P r o g r a m ( R M P ) , we invest igated the process o f 
mo is tu re accumu la t i on on the cent ra l shoot leaf 
o f s o r g h u m seedlings. We m o d i f i e d the M e t t l e r 
balance ( m o d e l AE 160) f o r we igh ing excised 
seedlings on a h o o k system attached to the 
we igh ing p la te , and weighed seedlings every 2 h 
between 1800 and 0600. O u r results ind ica ted 
tha t th is mo is tu re accumu la t i on is due to gu t ta -
t i o n and no t t o the condensa t ion o f a tmospher ic 
mo is tu re on the p lant surface. O u r studies also 
showed tha t peak leaf surface wetness ( L S W ) 
occur red between m idn igh t and 0400 in b o t h 
susceptible and resistant genotypes w i t h a sharp 
decl ine af ter sunrise. Th is per iod also co inc ided 
w i t h the ha tch ing o f shoot f l y eggs after w h i c h 
larvae c raw l i n t o the leaf w h o r l and d o w n w a r d s 
between the leaf sheath and the cent ra l shoot 
towards the g r o w i n g apex. 
Insect Pests 
ICRISAT Center 
Factors associated with resistance. In co l labo-
r a t i o n w i t h so rghum phys io logy and the m i c r o -
Shoot Fly (Atherigona soccata) 
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We also m o n i t o r e d L S W in weekly sown 
so rg hum seedlings t h r o u g h o u t the year and 
f o u n d tha t L S W was highest in the second week 
o f Augus t and co inc ided w i t h the highest shoot 
f l y inc idence a t ICR1S AT Center. We developed 
a me thodo logy using str ips of b l o t t i ng paper f o r 
the quan t i ta t i ve measurement o f L S W . The 
highest L S W (7 mg) was recorded on the shoot -
f l y susceptible C S H 1 and the lowest (<0 .5 mg) 
was on resistant IS 18551. We also ob ta ined a 
h igh correspondence between quan t i ta t i ve and 
qua l i t a t i ve (v isua l score) estimates o f L S W . We 
analyzed da ta on L S W , t r i chome densi ty , glossy 
leaf t r a i t , and deadhearts ob ta ined f r o m 44 
so rg hum lines consist ing of shoot - f l y resistant 
resources, breeding l ines, and susceptible c o n ­
t ro ls ( I C R I S A T A n n u a l Repor t 1988, p . 7). The 
co r re la t i on o f leaf surface characters w i t h dead-
hearts was l ow and nons ign i f i cant (P >0 .05 ) f o r 
the glossy t ra i t (r=0.49) and t r i chome densi ty 
(upper surface, r= -0 .39 ; lower surface, r=-0.20) 
bu t h i gh and s igni f icant (0.82 P <0 .05 ) f o r L S W . 
A l l genotypes w i t h L S W < 2 were resistant 
( < 4 5 % deadheart ) i rrespective o f glossiness or 
t r i chome densi ty. F o r example , IS 1046, a l ­
t h o u g h glossy bu t t r ichomeless, had a h igh L S W 
(4.4) and a deadheart incidence of 76.5%, wh i le 
IS 1057, nonglossy bu t densely t r i c h o m e d , had a 
l o w L S W (1.8) and a deadhear t incidence of on ly 
34.4%. O u r results indicate tha t L S W is a more 
i m p o r t a n t fac to r in shoot f l y resistance t han the 
glossy leaf character or t r i chome density. 
Introgression of useful genes f rom wild sorghum 
relatives. In order to i n t roduce shoot - f l y resis­
tan t genes f r o m Sorghum dimidiatum ( IS 18945) 
i n t o g ra in s o r g h u m , crosses were made w i t h an 
adapted so rghum l ine ( IS 2146). Segregat ing 
popu la t i ons were advanced to F 3 generat ion 
( I C R I S A T A n n u a l Repo r t 1987, p . 40) f o r shoot 
f l y resistance screening in 1988. Shoot f l y i nc i ­
dence was no t adequate in 1988 and seed samples 
f r o m a l l F3 segregants were harvested and 3588 
samples were sown as F4 i nd i v i dua l progenies in 
the 1989 late ra iny season. Shoo t f l y in fes ta t ion 
was h igh and a t o ta l of 587 i n d i v i d u a l p lants was 
selected f o r resistance b o t h in terms of egg-
l ay ing and deadhearts. Three hund red and f i f ­
teen of the selected plants produced seed and w i l l 
be fu r the r tested under the 'cage technique' . 
Breeding for resistance. We evaluated 22 a d ­
vanced breeding l ines, selected f o r resistance to 
shoot f l y in the 1988 pos t ra iny season, f o r agro­
n o m i c eliteness. We selected seven lines f o r 
f u r t he r test ing in repl icated y ie ld t r ia ls . We also 
evaluated fo r agronomic eliteness 20 S4 and S5 
progenies and 289 hal f -s ib fami l ies selected f r o m 
the shoot-pest resistant popu la t i on . We selected 
f ive S5 progenies and 71 hal f -s ib fami l ies f o r 
fu r the r self ing and screening. 
Stem Borer (Chi lo partellus) 
Biology. We standardized the Chilo leaf- feed­
i ng scor ing system in to a 1-9 scale, based u p o n 
the extent and severi ty o f la rva l feeding in the 
leaf who r l s of so rghum ( F i g . 3). Th is scale is n o w 
used f o r systematic and u n i f o r m eva lua t ion f o r 
stem borer resistance. 
Score 1 3 5 7 9 
No. of leaves showing these symptoms 
1-2 2-3 3-4 4-5 5-6 
Tota l leaf area damage (mm2) 
150 300-450 600-750 900-1050 1200 
Figure 3. Leaf-feeding score system for damage by the 
stem borer Chilo partellus. 
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Studies on the effect o f s tem bore r l a rva l feed­
ing in so r ghum stems showed a loosening, ye l ­
l o w i n g , and b r o w n i n g o f tissues tha t su r round 
the feeding area. Under l ow feeding act iv i ty , 
o n l y the p i t h area was damaged whereas under 
severe feeding ac t i v i t y , s tem tunne l i ng extended 
i n t o the r i n d . 
N a t u r a l f ie ld popu la t i ons o f stem borers usu­
a l ly result in mu l t i p l e infestat ions of the same 
c r o p by 2 -3 la rva l generat ions. Screening by 
a r t i f i c i a l in fes ta t ion at on l y 15-20 days after 
c r o p emergence ( D A E ) does no t always p rov ide 
a comple te i nd i ca t i on of genotype per formance 
under f ie ld cond i t i ons . Therefore we s imulated 
na tu ra l f ie ld cond i t i ons by re infest ing selected 
test ma te r i a l a t 40 D A E w i t h the " b a z o o k a " 
app l i ca to r . S im i l a r l y , at the boo t leaf stage we 
used the stem cage techn ique ( I C R I S A T A n n u a l 
R e p o r t 1987, p . 42) w i t h t h i r d instar larvae to 
evaluate the test mate r ia l . L a r v a l establ ishment 
in resistant I C S V 700 was m u c h lower (24-51%) 
t h a n tha t i n the susceptible con t ro l s , M a l d a n d i 
and S P V 422 (63 -92%) . A l t h o u g h this technique 
is r i go rous , i t prov ides a more rel iable eva lua t ion 
of genotypes selected on l y on the basis o f dead-
heart f o r m a t i o n resu l t ing f r o m ar t i f i c ia l infesta­
t i o n at 15 20 D A E . 
Breeding for resistance. We screened 81 a d ­
vanced breed ing l ines, 35 F5 progenies, and 169 
S 4 - S 6 select ions f r o m the shoot pest p o p u l a t i o n 
f o r resistance under ar t i f i c ia l in festat ion a t I C R I -
S A T Center and under na tu ra l in fes ta t ion a t 
H isa r . We selected 21 advanced breeding l ines, 9 
F 5 progenies, and 86 S 4 - S 6 progenies tha t were 
resistant in b o t h eva luat ions . We also screened 
31 F 2 , 44 F3 , and 76 F4 popu la t ions under na tu ra l 
i n fes ta t i on at H isa r a lone and made a t o t a l of 
226 single p lan t selections. 
We screened 36 derivatives o f l C S P l B R / M F R 
fo r resistance under a r t i f i c ia l in festat ion a t I C R I -
S A T Center and f o u n d e ight (A 25609, A 25610, 
A 25632, A 25640, A 25664, A 25666, A 25686, 
and A 25721) w h i c h con t i nued to show resis­
tance in a t h i r d screening. We also screened 32 
advanced el i te variet ies and 34 p o p u l a t i o n der iv ­
atives and iden t i f i ed t w o h igh -y ie ld ing l ines, M 
60386 and M 63134, and t w o p o p u l a t i o n der iva­
Midge (Contarinia sorghicola) 
Biology. We m o n i t o r e d popu la t i ons o f sor­
g h u m midge d u r i n g the pos t ra iny season us ing 
new ly emerged v i r g i n females in tang le foo t -
coated s t icky t raps to a t t rac t males. T e n t raps 
were placed at in terva ls of 20 m on i r o n bars and 
at heights of 0.5, 1.5, and 2.5 m. Ten s im i la r l y 
placed t raps, bu t w i t h o u t v i r g i n females, served 
as a c o n t r o l . M i d g e popu la t i ons rose to m a x i ­
m u m i n the t h i r d week o f M a r c h . M o r e males 
were t r apped at 0.5 and 1.5 m t h a n at 2.5 m 
above g ro und level. 
We recorded adu l t f l y emergence on C S H 1 
f r o m females reared on resistant and susceptible 
cu l t i va rs . Fl ies reared on resistant cu l t i vars DJ 
6514 and IS 3461 p roduced less than 33 fl ies per 
10 females compared w i t h 192 flies per 10 
females p roduced f r o m insects reared on sus­
cept ib le cu l t i va r I C S V 112. Fl ies reared on DJ 
6514 and T A M 2566 had re lat ive ly lower number 
of eggs in the i r ovaries (49 eggs per female) c o m ­
pared w i t h 64 eggs per female in I C S V 112. 
Screening for resistance. We screened over 
5000 segregat ing progeny f o r resistance and 
selected near ly 500 lines f o r f u r t he r test ing. We 
also screened 48 l ines f o r resistance in advanced 
t r ia ls and 75 l ines f o r resistance in m u l t i l o c a -
t i ona l t r ia ls , and selected 26 l ines in the advanced 
and 65 l ines in the mu l t i l o ca t i ona l t r ia ls as resis­
tan t . Based on the pe r fo rmance of resistant l ines 
over the past f ive seasons, I C S V s 6 9 1 , 692, 729, 
730, 7 3 1 , 736, 739, 743, 745, and 758 have been 
f o u n d to have stable resistance. These lines c o m ­
bine h igh levels o f resistance in d i f ferent back­
g rounds : he ight , m a t u r i t y , and g ra in size. 
Breeding for resistance. We evaluated 109 F4 
progenies fo r agronomic characterist ics and y ie ld 
po ten t i a l and selected 31 f o r f u r the r screening 
f o r resistance. We screened 32 advanced v a r i ­
eties and 34 p o p u l a t i o n der ivat ives and ident i f ied 
t ives, A 16636 and A 35779, w i t h less suscept ib i l ­
i t y to stem borer . 
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t w o h igh -y ie ld ing l ines, M 63056 and M 63091, 
and t w o p o p u l a t i o n der ivat ives, A 16636 and 
A 16638-1, tha t were resistant. 
T w o midge-resistant var iet ies, I C S V 745 and 
I C S V 743, were adopted by the Depa r tmen t o f 
A g r i c u l t u r e , K a r n a t a k a state f o r d i s t r i b u t i o n to 
farmers in midge-endemic areas. 
Head Bug (Calocoris angustatus) 
We stud ied the effect of insecticide sprays (de-
meton-s -methy l ) (0 .025% at 500 L ha - 1 ) on head 
b u g p o p u l a t i o n and gra in damage in a resistant 
( I S 17610) and a susceptible ( I C S H 153 [ C S H 
11]) cu l t i va r . There were f ive levels of p ro tec t i on 
on each cu l t i va r and three rep l icat ions in a 
r andomized -b lock design. Insect ic ide sprays had 
o n l y a marg ina l effect on g ra in y ie ld , seed ge rm i ­
n a t i o n percentage, and f loa ter percentage in IS 
17610 as compared w i t h 38% losses recorded in 
I C S H 153. Three to f o u r sprays were needed to 
m in im i ze head bug damage on I C S H 153. 
Screening for resistance. We screened 65 l ines 
f o r resistance at t w o levels of in fes ta t ion (5 and 
10 pairs of bugs per panicle) under a headcage 
and under na tu ra l in fes ta t ion at Bhavanisagar. 
T w e n t y l ines had lower p o p u l a t i o n b u i l d u p 
a n d / o r suffered less gra in damage. ISs 19948, 
20740, 2098 ,17610 ,17618 ,25069 , 21444,19950, 
and 17645 showed resistance across in festat ion 
levels and under na tu ra l in fes ta t ion over t w o 
sowing dates. 
We studied head bug preference f o r cu l t ivars 
under mu l t i - cho ice cond i t ions in o l fac tometer 
tests. F i f t y pairs of newly emerged adul ts were 
released in the center o f the o l fac tometer . The 
n u m b e r o f bugs a t t rac ted to panicles o f d i f fe ren t 
genotypes was recorded between 0.5 h and 4 h 
af ter release, at in tervals of 0.5 h. Each exper i ­
ment was repeated ten t imes. M a x i m u m head 
bug response was recorded 3.5 h af ter release in 
a l l cu l t i vars . M a x i m u m number o f bugs (15 bugs 
per panic le) was recorded on C S H 9 compared 
to 6 -7 bugs per panic le on ISs 16357, 14334, 
21444, 19955, and 23718. We also studied the 
Multiple Insect Resistance 
M o s t germp lasm and imp roved so rghum geno­
types prev ious ly ident i f ied as resistant to shoot 
f l y , stem borer , midge, and head bugs are resis­
tan t to on ly one of these insects wh ich w i l l usu­
al ly infest the same c rop . We developed a tech­
n ique that w i l l enable us to subject a c rop of test 
entr ies to comb ina t ions of pest infestat ions and 
to evaluate t h e m fo r resistance to one or more o f 
these insects. In order to achieve o p t i m u m pest 
in festa t ions, we man ipu la ted a n d / or augmented 
pest popu la t i ons by ad jus t ing sowing dates, spl i t 
sow ing , use of in fes tor rows , f ish-meal bai ts , 
insect ic ide app l i ca t i on , spr ink le r i r r i ga t i on , d i a -
paus ing midge larvae, and ar t i f i c ia l borer infes­
t a t i on . Seven t reatments, compr is ing single, d o u ­
b le , and t r i p le comb ina t i ons o f infestat ions by 
shoot f l y , borer , and midge were used. 
We evaluated 220 entr ies consis t ing of 170 
germp lasm sources prev ious ly ident i f ied as resis­
tan t to single pests (shoot f l y - 6 0 , stem bo re r -73 
and m idge -37 ) , 42 imp roved breeding l ines, and 
8 commerc ia l h igh-y ie ld ing cu l t ivars . Results 
showed tha t less t h a n 10% of shoot - f l y resistant 
sources had acceptable resistance ( < 3 , on a scale 
o f 1-9) to shoot f l y , bu t over 5 0 % also showed 
good resistance (scores of 1-3) to stem borer 
( F i g . 4). IS 18551 and IS 2195 were the best 
entr ies w i t h resistance to bo th shoot f l y and stem 
borer . However , 8 0 - 9 0 % o f shoot - f l y and s tem-
borer resistant sources were h igh ly susceptible to 
midge (scores o f > 8 ) . S im i l a r l y , al l m idge-
resistant sources were h igh ly susceptible to shoot 
f l y bu t less to stem borer where seven midge lines 
had scores of <5 fo r stem borer. IS 22464 was the 
best midge-resistant l ine w i t h a score of 3 f o r 
stem borer resistance. In general , resistance 
sources tended to comb ine resistance to stem 
borer w i t h resistance to o ther pest species, c o n ­
sequent ly there was a h igher f requency f o r 
su rv iva l and deve lopment o f bugs on resistant 
and susceptible genotypes. N y m p h a l develop­
ment was pro longed on resistant genotypes, and 
a h igh n y m p h a l mo r ta l i t y was recorded on IS 
19955 and IS 21444. 
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Figure 4. Performance of resistance sources under multiple insect infestation. 
on l y stem borer resistance, and 38 w i t h on l y 
midge resistance. We screened the selections 
f u r t he r th is year and iden t i f i ed f o u r l ines ( P M s 
17945-3, 17967-2, 17969, and 17972-1-3) as resis­
tan t to a l l three insects. 
resistance to s tem borer as a second componen t 
t h a n f o r any o ther insect. Advanced breeding 
l ines showed a w ide range of resistance to shoot 
f l y , stem borer , and midge w i t h a h igher f re ­
quency f o r resistance to stem borer . 
West Africa (Mal i ) 
Head Bug (Eurystylus sp) 
Screening for resistance. To c o n f i r m levels and 
s tab i l i t y of head bug resistance across locat ions, 
we evaluated 12 so rghum cu l t ivars ( i nc lud ing 
S 34, a susceptible con t ro l ) selected f r o m the 
t r ia ls conduc ted since 1985 in M a l i and B u r k i n a 
Breeding for Mul t ip le Insect Resistance 
F4 progenies der ived f r o m crosses a m o n g 10 
ge rmp lasm and breeding l ines w i t h resistance to 
shoot f l y , s tem borer , and midge were screened 
in la te -sown nurseries in 1988/89 f o r mu l t i p l e 
insect resistance ( M I R ) and specif ic resistances 
to shoot f l y , s tem borer , and midge. F r o m the 71 
progenies evo lved , we made 34 selections w i t h 
M I R , 10 w i t h o n l y shoot f l y resistance, f o u r w i t h 
Resistance levels 
Shoot fly Shoot fly Stem borer 
Stem borer 
Midge 
Breeding lines Midge 
1-3 4-5 6-7 8-9 1-3 4-5 6-7 8-9 
100 
80 
60 
40 
20 
0 
100 
80 
60 
40 
20 
0 
Faso ( I C R I S A T A n n u a l Repo r t 1988, p . 15). 
The t r i a l consisted of three repl icat ions in a 
randomized -b lock design, t w o dates o f sow ing , 
and three locat ions: Samanko and C inzana 
( b o t h i n M a l i ) and Fa rako -Ba ( B u r k i n a Faso). 
H e a d b u g i n f e s t a t i o n was m a x i m u m a t 
S a m a n k o , whereas i t was modera te and var iab le 
a t C inzana and F a r a k o - B a . Unde r na tu ra l infes­
t a t i o n , the overa l l mean head bug damage scores 
were lowest f o r C S M 388 (2.7) and M a l i s o r 84-7 
(3.3) compared to the susceptible c o n t r o l S 34 
(6.2) (Tab le 4) . D a m a g e ra t i ng under a r t i f i c ia l 
i n fes ta t i on us ing cages was lowest f o r these t w o 
variet ies. Observat ions on the number of head 
bugs on open panicles and the b u i l d u p on p a n i ­
cles in cages after ar t i f ic ia l in festat ion also con ­
f i r m e d h igh levels o f resistance in C M S 388 and 
Ma l i so r 84-7. 
G r a i n yields at Farako-Ba were highest f o r 
C S M 388 (2.96 t ha - 1 ) compared to 2.17 t ha - 1 f o r 
S 34. M a l i s o r 84-7 was one of the lowest yielders 
(1.68 t ha-1). 
Breeding for resistance. A t S a m a n k o and 
F a r a k o - B a , we evaluated, under na tu ra l infesta­
t i o n , 90 F6 progenies ( inc lud ing a resistant c o n -
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Table 4. Head bug damage score under natural and artificial infestation and grain yield of 12 sorghum 
varieties of the advanced head bug screening trial conducted in M a l i (Samanko [ S A ] and Cinzana [ C Z ] ) 
and Burkina Faso (Farako-Ba [FB] ) , rainy season 19891. 
Cultivar 
ICSV 16-5 BF 
Framida 
ICSV 1143 BF 
ICSV 1063 
ICSV 2 
ICSV 1166 BF 
ICSV 1122 BF 
Gadiaba 
CSM 388 
C S M 63 
Controls 
Malisor 84-7 
(resistant) 
S-34 (susceptible) 
SE 
Mean 
CV (%) 
Damage rating2 (natural infestation) 
SA1 
4.0 
4.0 
4.0 
4.0 
3.3 
3.3 
4.3 
6.0 
2.7 
2.3 
3.3 
4.3 
±0.39 
4.19 
16 
SA2 
5.7 
7.7 
6.0 
5.3 
6.0 
6.0 
6.0 
6.0 
2.7 
4.7 
2.0 
7.0 
±0.68 
5.4 
22 
CZ1 
6.3 
7.0 
6.0 
6.3 
7.0 
6.3 
7.0 
5.7 
3.3 
4.3 
4.0 
6.7 
±0.50 
5.8 
15 
CZ2 
4.7 
5.7 
4.3 
4.3 
4.7 
3.7 
5.0 
6.0 
3.0 
2.7 
2.3 
7.3 
±0.48 
4.5 
19 
FB1 FB2 Mean 
4.7 4.3 5.0 
5.0 6.0 5.9 
4.7 4.3 4.9 
4.3 4.7 4.8 
6.0 4.0 5.2 
5.0 4.0 4.7 
7.0 5.7 5.8 
5.0 4.3 5.5 
2.3 2.3 2.7 
3.0 3.3 3.4 
3.7 4.3 3.3 
5.3 6.3 6.2 
±0.48 ±0.40 
4.7 4.5 
18 15 
FB 
(under 
cages) 
6.0 
7.0 
5.3 
5.7 
5.3 
5.3 
7.3 
6.0 
3.7 
5.3 
5.0 
7.7 
±0.40 
5.8 
12 
Grain 
yield 
FB I 
(t ha-1) 
2.40 
2.91 
2.97 
2.75 
1.82 
2.12 
0.63 
1.81 
2.96 
1.09 
1.68 
2.17 
±0.25 
2.11 
21 
1. Randomized complete block design w i th three replications for each locat ion and date of sowing, plot size 7.5 m2 ; dates of 
sowing were: S A 1 — 5 Ju l , F B I - 1 1 Ju l , CZ1 15 Ju l , FB2 21 Ju l , C Z 2 - 2 4 Ju l , and SA2—26 Jul . 
2. Damage rat ing: 1 = grain w i th a few feeding punctures and 9 = grain showing more than 75% shrivell ing. 
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t r o l ) der ived f r o m crosses between h igh-y ie ld ing 
variet ies and those w i t h less suscept ib i l i ty to 
head bug damage. Twelve entries had head bug 
damage scores o f < 4 . 0 (average over t w o loca­
t ions) , compared to 3.0 f o r M a l i s o r 84-7 (resis­
tan t c o n t r o l ) , and 5.9 f o r 87W754 , the highest 
suscept ib le en t ry (SE ±0.7 at S a m a n k o , ± 0.3 at 
Fa rako - Ba ) . T h e most p r o m i s i n g a m o n g t h e m 
were 87W736 , 87W776, and 87W807. The n u m ­
ber of head bugs per f ive panicles at Samanko 
af ter square r o o t t r a n s f o r m a t i o n were 4.2 (19 
actual number ) f o r 87W736, 6.2 (45) f o r 87W807, 
and 8.4 (71) f o r 87W776 , compared w i t h 5.7 (37) 
f o r M a l i s o r 84-7, the resistant c o n t r o l (SE ±1.8). 
Cu l t i va r s 87W736 ( w i t h 1.631 ha - 1 ) and 87W776 
( w i t h 2.01 t ha - 1 ) y ie lded we l l a t S a m a n k o c o m -
pared to M a l i s o r 84-7 (1.03 t ha - 1 ) (SE ± 0.30). 
Southern Africa 
Stem Borer (Chilo partellus) 
A t M a t o p o s , Z i m b a b w e , under a r t i f i c ia l stem 
bore r i n fes ta t i on , we screened 225 lines selected 
in the prev ious season together w i t h 98 advanced 
l ines f r o m the S A D C C / 1CR1SAT breeding p r o ­
g r a m . The a r t i f i c ia l in fes ta t ion procedure used 
resul ted in on l y 5 0 % of the p lants be ing infested. 
The re fo re , select ion pressure was kept l ow and 
140 entr ies were selected, based on leaf- feeding 
s y m p t o m s , deadhearts , and p roduc t i ve m a i n 
heads. The same nursery was also tested against 
stem borer and shoot f l y (Atherigona soccata) at 
Panmure . Twenty-seven lines showed less than 
10% deadhear ts . The t w o con t ro l s . Red Swaz i 
and Segaolane, showed 2 5 % deadhearts. Based 
on the M a t o p o s and P a n m u r e selections, 13 
entr ies had l o w stem borer leaf- feeding symp­
toms at b o t h locat ions. O u t of these 13 entr ies, 
six ( IS 207, PS 31336, PS 30715-2, and three 
advanced Z i m b a b w e select ions, 293-2, 310-2, 
864-3) had l o w shoot f l y damage. 
s o r g h u m i n Bo tswana and Z i m b a b w e f requen t l y 
causing economic y ie ld losses. A hos t -p lan t 
resistance project was started w i t h the f o l l o w i n g 
object ives: to iden t i f y resistant sources, to i den ­
t i f y resistance mechanisms, and to determine 
mode of gene ac t ion . Resistance was rated on a 
1-9 scale where 1 s tood f o r the highest level of 
resistance and 9 f o r no resistance. O u t of the 500 
l ines tested, T A M 428, SC 170, SC 109, SC 173, 
SA 1221, and SA 1469 had h igh levels o f resis­
tance ( ra t ings of 1 and 2); selections SC 146, SC 
210, SC 245, SC 4 5 1 , SC 464, SC 497, and S C 
984 were modera te ly resistant. In h igh ly resis­
tan t l ines, resistance mechanisms were ant ib ios is 
and nonpreference, wh i le in modera te ly resistant 
l ines pest b u i l d u p was s low. Studies i nv o l v i ng 
T A M 428 and SC 170 crossed to susceptible 
parents showed that resistance was inher i ted and 
con t ro l l ed by a single d o m i n a n t gene. 
Grain Weevil (Sitophilus spp) 
We evaluated 400 entr ies compr i s i ng selected 
s tem-borer resistant mater ia ls f r o m M a t o p o s 
and advanced breeding lines f r o m S A D C C / 
I C R I S A T fo r resistance to Sitophilus spp ac­
co rd i ng to the me thod described in the I C R I ­
S A T A n n u a l Repo r t 1988, p . 10. O u t o f these 
l ines, 86 had 4 0 % less weevi l progenies compared 
to the con t ro ls (Segaolane and Red Swazi ) , and 
8 lines were s ign i f icant ly more resistant t han the 
t w o con t ro ls (P <0 .05 based on L S D test). 
Angoumois Grain M o t h (Sitotroga cerealella) 
Sitotroga cerealella is, second to g ra in weev i l , 
the most i m p o r t a n t storage insect pest in the 
S A D C C reg ion . We developed a m e t h o d to 
screen breeding mater ia l and germp lasm fo r 
resistance. F i f teen grams of g ra in samples were 
infested w i t h 30 eggs and kept a t 7 0 % RH and 
27° C f o r 28 days. Eggs f o r in fes ta t ion were la id 
by cu l tu red females on b lack crepe paper. The 
n u m b e r of eggs la id per female increased 10 
t imes w h e n water was p rov i ded to the egg- lay ing 
j a r . 
Sugarcane Aphid (Milanaphis sacchari) 
T h e sugarcane aph id is a c o m m o n pest on 
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Evaluation of Advanced Elite Varieties 
We evaluated 14 advanced variet ies in repl icated 
y ie ld t r ia ls at t w o sites ( A l f i s o l and Ver t iso l ) at 
I C R I S A T Center and one a t Bhavanisagar. T w o 
test var iet ies, 1CSV 88032 w i t h a g ra in y ie ld of 
4.44±0.20 t h a - 1 and l C S V 88013 w i t h 4.31 ± 0.20 t 
h a - 1 , ou ty ie lded S P V 462, the best c o n t r o l va-
r ie ty overa l l w i t h 3.95±0.20 t ha - 1 , bu t outy ie lded 
i t s ign i f i can t ly on l y at one of the three sites. 
A n o t h e r var ie ty , I C S V 88014, w i t h a g ra in y ie ld 
of 3.74 t ha - 1 and 71 days to 5 0 % f l o w e r i n g , was 
ear l ier t han the earliest c o n t r o l var ie ty , S P V 462, 
at a l l three sites bu t no t s ign i f i cant ly d i f fe rent in 
y ie ld at any site. A l l three selected variet ies, 
I C S V 88032, I C S V 88013, and I C S V 88014, 
were sister- l ines selected f r o m the cross PM 
11344 x SPV 351 and have resistance to midge. 
M u l t i f actor-resist ant Populations ( M F R ) 
We con t i nued test ing der ivat ives o f the b r o a d -
based comb ined ma in ta ine r and restorer p o p u ­
l a t i o n ( I C S P l B R / M F R ) f o r r a i ny -season 
adap ta t i on . We evaluated 660 S2 l ines in three 
repl icated t r ia ls f o r g ra in y ie ld , ag ronomic score, 
and shoot f l y , stem borer , and midge damage. 
We selected 32 lines fo r h igh g ra in y ie ld , moder ­
ate resistance to stem borer and good ag ronomic 
score; and another 25 f o r levels of shoot f l y and 
stem borer damage lower than those of the 
resistant c o n t r o l . We also made 432 single p lan t 
selections f o r shoot f l y and stem borer resistance 
and 225 f o r midge resistance and pooled these 
f o r r e c o m b i n a t i o n in the p r o p o r t i o n s 1:1:3 w i t h 
the selected l ines. We also reta ined the selected 
p lants f o r advancement under pedigree selec­
t i o n . Howeve r , we d id no t spl i t th is p o p u l a t i o n 
i n t o t w o a s repor ted i n I C R I S A T A n n u a l Repor t 
1987, p . 47. We do no t in tend to con t inue recur­
rent select ion w i t h i n the p o p u l a t i o n bu t to use i t 
Genetic Diversi f icat ion 
W i t h the a im of b roaden ing the genetic base of 
ou r breeding mater ia ls , we in i t ia ted a specific 
pro ject f o r genetic d ivers i f icat ion and also made 
ef for ts to i n t roduce new var ia t ions i n to o ther 
i nd i v i dua l projects. 
We in i t ia ted development of a h igh- t i l le r ing 
p o p u l a t i o n o f so rghum by crossing the h i gh -
t i l l e r i ng lines IS 1347, IS 3075, and IS 3479 w i t h 
genetic male steriles of the U S / B-C6 popu la t i on . 
Three-way crosses using the F1 of these crosses 
w i t h d i f ferent h igh- t i l l e r ing lines w i l l be made 
d u r i n g the 1989-90 post ra iny season. 
S im i l a r l y , we crossed 10 large gra in lines w i t h 
genetic male steriles o f the U S / B - C 6 popu la t i on 
and made three-way crosses of the resu l t ing F,s 
to d i f ferent large-grained parents as a f i rs t step in 
deve lop ing a large-grained popu la t i on . 
We began development of near-isogenic lines 
w i t h con t ras t ing characterist ics in order to deter­
m ine the effects of the genes fo r those character­
istics on other possibly related t ra i ts . We selected 
91 single p lants f r o m 16 progenies segregating 
f o r height , 132 single p lants f r o m 32 progenies 
segregat ing f o r tan and n o n t a n p lants , 65 single 
p lants f r o m 5 progenies segregat ing fo r t r i -
chomed and tr ichomeless p lants , and 91 single 
p lants f r o m 27 progenies segregating fo r glossy 
and nonglossy plants. 
Plant Improvement 
ICRISAT Center 
Var ie ta l Improvement 
as a source in its cur rent f o r m . We have also 
suspended recurrent select ion w i t h i n the corres­
pond ing popu la t i on ( I C S P 3 B R / M F R ) fo r post-
ra iny-season adap ta t i on , after comp le t i ng a f i rs t 
cycle. 
Hybrid Breeding and Evaluation 
Evaluation and Development of Potential 
Parent Lines 
We evaluated 32 l ines in p re l im ina ry y ie ld t r ia ls 
at three sites and selected seven (M 63054, M 
63086, M 63084, M 63134, M 63070, M 63056, 
and M 63091) w i t h gra in yields between 3.11 ha - 1 
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and 3.7 t ha - 1 compared to the c o n t r o l var ie ty 
I C S V 112 w i t h 3.1 t ha - 1 . M 63086 and M 63134 
showed less suscept ib i l i ty to stem borer ( < 2 7 % 
deadhearts) and M 63056 and M 63091 showed 
less suscept ib i l i ty to midge (damage ra t ing of 
< 3 ) . M 63056 was also free f r o m rust . The 
selected l ines w i l l now be evaluated fo r restora-
t i o n react ion on cy top lasmic male-steri le l ines. 
We screened 64 B-lines and 274 R-l ines fo r 
glossiness, rust resistance, and react ion to p h o -
t o p e r i o d . We iden t i f i ed 6 B-lines and 24 R-l ines 
t h a t were g lossy; 16 B-l ines and 26 R- l ines 
tha t were free f r o m rust ; I C S B 48, I C S B 93, 
A 36254B, and I C S R 35 were b o t h glossy and 
free f r o m rust . Eleven B-lines and 33 R-l ines 
showed less t h a n 3 days delay in f l owe r i ng under 
E D , wh i l e 11 B-lines and 18 R-l ines showed 
m o r e t h a n 24 days delay. The B-and R-l ines w i t h 
rust resistances w i l l be used to make hybr ids tha t 
w i l l be screened f o r rust resistance, those that 
were glossy w i l l be used to make glossy hybr ids 
t ha t w i l l be screened f o r shoot f l y and d r o u g h t 
resistance, and the photoper iod-sensi t ive lines 
w i l l be used to make hybr ids w i t h po ten t ia l f o r 
post ra iny-season cu l t i va t i on . We w i l l cont inue 
to screen po ten t i a l parent lines fo r resistance to 
o the r b io t i c and ab io t i c stresses in order to i den ­
t i f y those w i t h po ten t i a l f o r use in p r o d u c i n g 
resistant hybr ids . 
To d ivers i fy ou r m i l o seed-parent and restorer 
m a t e r i a l , we began i n t r o d u c t i o n of durra g e r m -
p lasm. We made 45 crosses i n v o l v i n g f ive durra 
ge rmp lasm lines and m i l o ma in ta ine r l ines. We 
also made 17 backcrosses to durra parent l ines. 
The F2 progenies of the 45 crosses w i l l be g r o w n 
f o r select ion in the 1989-90 post ra iny season. 
We made 232 testcrosses between k n o w n B- and 
R-l ines and o ther cy top lasmic male-ster i le l ines. 
We iden t i f i ed f ive m i l o B-lines ( I C S B 26, I C S B 
37, I C S B 88001, I C S B 88004, and I C S B 88005) 
tha t also showed ma in ta ine r reac t ion on the A 2 , 
A 3 , and M a l d a n d i cy top lasms. We have back-
crossed these f ive l ines to the i r F,s as a f i rs t step 
to p r o d u c i n g male-ster i le versions o f each on a l l 
f o u r steri le cy top lasms f o r use in compara t i ve 
studies of the effects of the d i f ferent cy top lasms. 
The rema in i ng testcrosses are be ing evaluated 
f o r fe r t i l i t y res tora t ion in the pos t ra iny season to 
de te rmine a m i n i m u m d i f f e ren t ia l set of testers 
to character ize the d i f fe rent cy top lasms and also 
to c o n f i r m thei r c lassi f icat ion. 
We made 65 crosses between n o n m i l o restor­
ers and m i l o ma in ta iners and restorers to d iver ­
sify avai lab le n o n m i l o male-ster i le lines and 
develop new n o n m i l o restorers. We crossed 
selected F 1 s w i t h o ther m i l o main ta iners and 
restorers to p roduce 18 three-way crosses. The 
Deve lopment o f N e w N o n m i l o 
Cytoplasmic Male-ster i le Lines 
invo lves i n t r o d u c t i o n o f resistance to va r ious 
b io t i c and ab io t i c stresses i n t o the h igh -y ie l d i ng , 
ag ronomica l l y super io r l ines, var iet ies, and hy ­
br ids tha t are cu r ren t l y ava i lab le . We therefore 
made 100 crosses between el i te B-l ines and d i f ­
ferent sources o f resistance in o rder to i n t roduce 
i n d i v i d u a l resistances to shoot f l y , stem bore r , 
m idge , rust , anthracnose, D M , Striga, and g ra in 
m o l d i n t o m i l o male-ster i le l ines. We then used 
the F,s of these crosses to p roduce 70 three-way 
crosses w i t h o ther B-lines. The F 2 progenies of 
the single crosses and the F1s of the three-way 
crosses w i l l be g r o w n in the 1989-90 pos t ra iny 
season f o r select ion and fu r the r in tercross ing. 
We made a n u m b e r of crosses between t i l le r ­
i ng l ines and el i te B-lines to a t tempt recovery o f 
t i l l e r i ng ma in ta ine r l ines f o r convers ion to s ter i l ­
i t y . We p roduced f ive three-way cross F 1 s and 
f ive F2s i n v o l v i n g IS 1347 and var ious B-lines f o r 
eva lua t ion and select ion and f o u r F 1 s i n v o l v i n g 
IS 1347, IS 3075, and IS 3479, and B-lines f o r 
f u r t he r crossing and advanc ing . 
Evaluation and Development of New M i l o 
Male-sterile Lines 
We eva luated 13 new male-ster i le l ines f o r 
general c o m b i n i n g ab i l i t y a t I C R I S A T Center 
and Bhavanisagar . We selected f o u r o f these, 
l C S A 88004, I C S A 88010, I C S A 88013, and 
I C S A 89004, f o r use in the ra iny-season h y b r i d 
p r o g r a m . 
O u r genera l strategy o f va r ie ta l i m p r o v e m e n t 
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Hybrid Evaluation 
In the 1988-89 pos t ra iny season, we evaluated 73 
hyb r i ds in advanced t r ia ls conduc ted a t N a n d -
y a l , A n d h r a Pradesh, and t w o sites a t I C R I S A T 
Center ( A l f i s o l and Ver t i so l ) . We selected 22 
hybr ids on the basis o f g ra in y ie ld and agro­
n o m i c aspect f o r fu r the r test ing. The selected 
entr ies ranged in yields f r o m 1.94 t ha -1 to 3.05 t 
h a - 1 c o m p a r e d to 2.32 t ha - 1 f o r the c o n t r o l 
h y b r i d S P H 280. 
On the basis o f the i r pe r fo rmance i n the A I C -
S I P p re l im ina ry hyb r i d t r ia ls in the 1988-89 post-
ra iny season, three hybr ids ( I C S H 86646, I C S H 
86647, and I C S H 86649) were p r o m o t e d to 
advanced t r ia ls f o r 1989-90. I C S H 86646 was 
f o u n d to be resistant to stem borer when screened 
under a r t i f i c ia l in fes ta t ion a t I C R I S A T Center. 
In the ra iny season, we evaluated 19 hybr ids in 
advanced h y b r i d t r ia ls a t Bhavanisagar and t w o 
sites ( A l f i s o l and Ver t iso l ) a t I C R I S A T Center. 
We selected seven entr ies ( I C S H 205, I C S H 228, 
I C S H 88065, I C S H 811 , I C S H 8 3 1 , I C S H 444, 
and I C S H 88078) on the basis o f g ra in y ie ld and 
ag ronom ic appearance f o r f u r t h e r test ing. The 
selected hyb r ids gave overa l l mean g ra in yields 
between 4.73 t h a 1 and 3.28 t ha - 1 c o m p a r e d to 
y ie ld of 4.26 t ha - 1 f o r I C S H 153, the best 
c o n t r o l . 
We also evaluated 135 hybr ids in three p r e l i m ­
i n a r y y ie ld t r ia ls a t each o f the three loca t ions . 
We selected 29 on the basis o f g ra in y i e l d , agro­
n o m i c score, and earliness f o r f u r t he r test ing. O f 
pa r t i cu la r interest were eight selections w h i c h 
reached 5 0 % f l owe r i ng between 52 and 60 days 
and gave g ra in y ie lds between 2.8 and 5.9 t ha -1 
compared t o the ear l ies t -matur ing c o n t r o l , C S H 
6, w h i c h f l owered in 64 days and y ie lded 5.4 t 
h a - ' . 
We evaluated 169 exper imenta l hybr ids evo l ­
ved f r o m three modera te ly shoot - f l y resistant 
male-ster i le l ines as female parents, and 221 
exper imen ta l hybr ids f r o m I C S A 1 and midge-
resistant male-steri le l ines ( I C S A 88019 and 
I C S A 88020) as female parents fo r y ie ld po ten ­
t i a l and agronomic eliteness. We selected a to ta l 
of 38 hybr ids f o r fu r ther test ing, i nc lud ing 17 
tha t had moderate ly shoot - f l y resistant male-
steri le lines as female parents and 21 w i t h I C S A 1 
as female parent . 
Ear ly -matur ing Lines 
The ava i lab i l i t y o f ear ly -matur ing lines (75-100 
days ' d u r a t i o n ) w i t h h igh gra in y ie ld po ten t ia l 
and o ther desirable characterist ics is current ly 
l i m i t e d . There fore we in i t ia ted a ma jo r thrust to 
develop ear ly lines w i t h acceptable gra in y ie ld 
and resistance to shoot pests and gra in m o l d , in 
an a t tempt to make these lines avai lable. 
We evaluated a range of early mater ia l co l ­
lected f r o m w i t h i n our ex is t ing breeding projects 
to i den t i f y sui table parent l ines. We studied 182 
ge rmp lasm and 87 advanced breeding lines and 
ra ted t h e m fo r seedling v igo r and earliness at 
I C R I S A T Center , and fo r pho tope r i od sensitiv­
i t y a t I C R I S A T Center and Bhavanisagar. We 
iden t i f i ed 16 lines ( ISs 824, 3477, 8370, 10596, 
10701,13724,18093,18197,22500,24025, ICSVs 
88050, 88056, 88057, 88059, 88063, and 88065) 
w i t h good seedl ing v igor , earl iness, and less p h o ­
t o p e r i o d sensi t iv i ty ; 3 l ines ( IS 15119, IS 23585, 
and B 75047-2) f o r good seedl ing v igor and gra in 
m o l d resistance; 5 l ines ( I C S V 702, I C S V 705, 
I C S V 445, PS 19349B, and PM 17682B) f o r 
good seedling v igo r and shoot pest resistance; 
and 9 l ines ( I C S B 10, I C S V 5 2 1 , I C S V 677, 
I C S V 4 2 1 , I C S V 692, I C S V 111, M R 884, M R 
925, and S P V 462) f o r seedl ing v igor , ag ronomic 
eliteness, and h igh gra in y ie ld . 
We also examined 1009 F 2 - F 4 and backcross 
progenies f r o m crosses of el i te breeding l ines, 
diverse landrace mater ia l f r o m N iger ia ( fa ra fara 
and kaura ) and the Yemen A r a b Repub l ic ( du r ra 
and dur ra -cauda tums) , and early l ines; and 8 
ear ly F L R / F L B popu la t ions . We selected 1500 
single p lants tha t f lowered in less t han 60 days 
and had g o o d gra ins and panicles f o r f u r t he r 
select ion f o r earliness. 
F2 progenies of the 65 single crosses and F1 p r o -
genies of the 18 th ree-way crosses w i l l be g r o w n 
in the 1989-90 pos t ra iny season f o r selection and 
f u r t he r crossing. 
b o t h dates o f sowing) , C inzana , and L o n g o r o l a 
(Tab le 5). C u l t i v a r I C S V 1079 BF y ie lded signi f ­
i can t l y h igher t h a n the best c o n t r o l var ie ty a t 
S a m a n k o ( o n b o t h dates o f sow ing) , a t C inzana , 
and L o n g o r o l a . I t ranked f i rs t i n its mean y ie ld 
pe r fo rmance over a l l the locat ions f o l l owed by 
I C S V 1063 BF and I C S V 1083 B F . 
Breeding for Long-dura t ion Variet ies 
We are i m p r o v i n g the guinense sorghums f o r 
y ie ld and c a u d a t u m types f o r resistance to g ra in 
m o l d us ing the p o p u l a t i o n breed ing m e t h o d . We 
We conduc ted a m u l t i l o c a t i o n a l y ie ld t r i a l of 15 
l ines a t three locat ions in M a l i and one l oca t i on 
i n B u r k i n a Faso. The t r i a l a t S a m a n k o ( M a l i ) 
was s o w n on t w o dates and under l o w fe r t i l i t y . 
M o s t o f t h e entr ies were selected f o r the i r supe­
r i o r pe r fo rmance ( I C R I S A T A n n u a l Repo r t 
1987, pp . 54-55) . The delayed sowing at Samanko 
was a imed at expos ing the mate r ia l to la te-
season inc idence of insect pests and diseases. 
M o s t o f the test entr ies ou ty ie lded the loca l 
c o n t r o l va r ie ty s ign i f i can t l y a t S a m a n k o (on 
West Africa (Ma l i ) 
Evaluation of Medium-duration Varieties 
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Table 5. M e a n grain yield (t ha - 1 ) of sorghum cultivars in the multi locational tr ial conducted in M a l i 
and Burkina Faso, rainy season 19891. 
Cultivars 
ICSV 1063 BF 
ICSV 1079 BF 
ICSV 1083 BF 
ICSV 1049 BF 
ICSV 1056 BF 
ICSV 1173 BF 
ICSV 1171 BF 
87 W 20 
87 W 18 
87 W 12 
87 W 19 
87 W 5 
Controls 
Malisor 84-1 
S-34 
Local variety 
SE 
Tr ia l mean (15 entries) 
CV (%) 
Locations 
Samanko (Mal i ) 
DOS 11 
2.99 
3.45 
3.25 
2.79 
2.78 
2.59 
2.52 
2.87 
2.16 
2.34 
2.01 
2.61 
2.71 
1.94 
1.34 
±0.188 
2.56 
18 
DOS 22 
2.38 
2.27 
1.74 
1.86 
1.21 
1.09 
1.05 
2.01 
0.66 
1.18 
1.16 
2.06 
1.45 
1.16 
1.11 
±0.185 
1.49 
30 
LF 3 
1.51 
1.55 
1.33 
1.44 
1.49 
1.47 
1.10 
0.77 
1.65 
0.95 
1.69 
1.78 
1.81 
1.32 
1.62 
±0.222 
1.43 
38 
Cinzana 
(Mal i ) 
3.77 
4.10 
4.06 
3.16 
3.42 
3.74 
3.50 
3.52 
2.67 
3.27 
2.51 
3.24 
3.49 
2.95 
2.83 
±0.178 
3.35 
13 
Longorola 
(Mal i ) 
2.35 
2.68 
2.16 
2.04 
1.54 
1.80 
1.60 
1.79 
1.35 
1.64 
1.26 
1.87 
2.14 
1.63 
0.68 
±0.173 
1.77 
24 
Farako-Ba 
(Burkina Faso) 
2.60 
2.42 
2.33 
2.19 
1.93 
2.20 
1.92 
2.39 
1.77 
2.45 
1.17 
2.75 
2.38 
2.63 
2.57 
±0.248 
2.25 
27 
Mean 
2.60 
2.75 
2.48 
2.25 
2.06 
2.15 
1.95 
2.23 
1.71 
1.97 
1.63 
2.39 
2.33 
1.94 
1.69 
1. Randomized-block design w i th six replications, plot size ranged f rom 7.5 to 15.0 m2 . 
2. First date of sowing (DOS 1) = Jun 24, second date of sowing (DOS 2) = Jul 22. 
3. Low fert i l i ty ( L F ) = 100 kg of complex ferti l izer (17 N:17 P:17 K) . 
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Eva lua t ion o f H y b r i d Parents 
We in t roduced 176 restorer (R)- l ines f r o m I C R I -
S A T Center and evaluated t h e m fo r adap ta t i on 
a t S a m a n k o . Several o f t h e m exh ib i ted suscept i­
b i l i t y to sooty str ipe (Ramulispora sorghi) and 
head bug (Eurystylus sp). We selected 13 of t hem 
f o r f u r the r eva lua t ion . The selected lines var ied 
i n t ime to 5 0 % f l owe r i ng (65 -74 days), p lan t 
he ight (1.30-2.10 m ) , and g ra in y ie ld (2.07-3.13 t 
ha - 1 ) , wh i le the s tandard c o n t r o l var ie ty , I C S V 
1063 BF w h i c h is an R- l ine , t o o k 71 days to 5 0 % 
f l o w e r i n g , grew to a height of 2 m and produced 
a gra in y ie ld of 2.38 t ha - 1 . 
We also evaluated 67 B-lines in t roduced f r o m 
I C R I S A T Center f o r adap ta t i on . M o s t o f t h e m 
were susceptible to sooty str ipe. We selected nine 
o f t h e m f o r mu l t i l o ca t i ona l eva lua t ion and fo r 
h y b r i d comb ina t ions . The selected B-lines var ied 
in t ime to 5 0 % f l owe r i ng (67-69 days), p lan t 
height (1.20-1.35 m ) , and g ra in y ie ld (1.00-1.80 t 
ha - 1 ) . The best o f t hem were I C S B 1 , I C S B 20, 
and I C S B 23. 
H y b r i d Eva luat ion 
We evaluated 22 hybr ids a long w i t h three var ie ty 
con t ro l s a t S a m a n k o , M a l i , in a r a n d o m i z e d -
Var iety Tr ia ls 
At Bagauda, we evaluated 20 ea r l y -ma tu r ing 
var iet ies ( < 7 0 days to 5 0 % f l ower ing ) and 20 
m e d i u m - m a t u r i n g variet ies ( < 8 0 days to 5 0 % 
f l ower i ng ) in advanced repl icated t r ia ls using 
large p lo ts and loca l c o n t r o l var iet ies o f a p p r o p ­
r iate m a t u r i t y . In the ear ly-var ie ty t r i a l , the best 
i m p r o v e d loca l c o n t r o l , K S V 4 (BES) y ie lded 
2.83±0.341 t h a - 1 ( C V % 17), wh i le Nagawh i t e 
y ie lded 4.69 t ha -1 and I C S V 401 y ie lded 4.01 t 
ha - 1 . In the m e d i u m - m a t u r i n g var ie ty t r i a l , the 
recommended loca l c o n t r o l K S V 8 y ie lded 
1.49 ± 0.340 t ha - 1 ( C V % 17.4) wh i le F r a m i d a 
y ie lded 4.68 t ha - 1 , I C S V 112 yie lded 4.25 t ha - 1 , 
and I C S V 361 y ie lded 4.07 t ha - 1 . In the I n t e rna -
t i o n a l S o r g h u m Var ie ty and H y b r i d A d a p t a t i o n 
T r i a l ( I S V H A T ) - 1 9 8 9 t r i a l , I C S V 401 was the 
h ighest-y ie ld ing var iety (6.37±0.567; CV % 19). 
Eva lua t ion of Advanced Breeding Lines 
We evaluated 86 F 6 genera t ion l ines der ived 
f r o m the second backcross o f ( imp roved ear ly 
var ie ty x Fa ra fa ra local ) x (ear ly var ie ty) a t 
Bagauda. M o s t o f the lines exh ib i ted ear ly f l o w -
West Africa (Nigeria) 
evaluated 160 guinense and 111 c a u d a t u m acces­
sions a t S a m a n k o . In general , the cauda tum 
g r o u p f l owered w i t h i n 80 D A S and was more 
p roduc t i ve (a mean of 1.53 t ha - 1 f o r 98 acces­
sions) t h a n the guinense g r o u p (a mean of 1.29 t 
h a - 1 f o r 114 accessions). We selected 23 guinense 
accessions f o r creat ing a r a n d o m - m a t i n g p o p u -
l a t i o n . U n d e r n a t u r a l i n f e c t i o n c o n d i t i o n s , 
threshed g ra in m o l d ra t i ng was h igher in the 
c a u d a t u m g r o u p than in the guinense g roup . 
T h i r t y accessions o f c a u d a t u m had scores o f <2 
on a 1-5 scale where 1 = no m o l d , and 5 = more 
t h a n 5 0 % o f g ra in surface severely m o l d e d . I n 
the guinense g r o u p , 104 accessions received 
scores o f < 2 . N ine teen accessions o f cauda tum 
were selected f o r deve lop ing a r a n d o m - m a t i n g 
p o p u l a t i o n . 
b lock design w i t h three repl icat ions. These hy­
br ids were produced using our best h igh-y ie ld ing 
adapted variet ies and the f o u r male-steri le lines 
tha t we selected d u r i n g the 1988 ra iny season at 
S a m a n k o f o r the i r resistance to leaf diseases. 
They were prev ious ly selected in Bu rk i na Faso 
over a 3-year pe r iod ( I C R I S A T A n n u a l Repor t 
1987, p. 56). F ive hybr ids produced g ra in yields 
super ior to the h ighest-y ie ld ing c o n t r o l var ie ty , 
I S C V 1063 BF (2.62 t ha - 1 ) . The t w o best hybr ids 
were I C S A 39 x I C S V 1093 BF (2.98 t ha - 1 ) and 
I C S A 11 x IS 18495 (2.80 t ha - 1 , SE ±0.322). In 
general, the hybr ids were tal ler (range 2.11 -3.55 m 
w i t h a mean of 2.89 m; SE ±0.008 m) t h a n 2 . 1 5 m 
of the best c o n t r o l var ie ty , I C S V 1063 B F . The 
days to 5 0 % f lower ing ranged f r o m 62 to 74 days 
w i t h a mean of 70 days (SE ±0.81). 
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e r i ng , t a l l p lan t he ight , l ax panic les, and g o o d 
g ra i n qua l i t y . We selected 24 lines f o r p r e l i m i ­
nary y ie ld t r ia ls . We evaluated 200 F 5 generat ion 
l ines der ived f r o m single crosses o f loca l ly a d ­
apted i m p r o v e d variet ies and compared t h e m 
w i t h i m p r o v e d variet ies as c o n t r o l . We selected 
53 i n d i v i d u a l panicles f r o m a m o n g 31 progenies 
f o r p r e l i m i n a r y y ie ld t r ia ls next year. Some o f 
these selections represent good g ra in der ivat ives 
f r o m the popu la r con t ro l var ie ty in the reg ion , 
Nagawh i te , w h i c h has p o o r g ra in qua l i t y . 
Eva lua t ion o f Ear ly -matur ing 
Germplasm 
W i t h the object ive o f d ivers i f y ing the genetic 
base of ea r l y -ma tu r i ng varieties in the West 
A f r i c a n reg ion , we evaluated 2000 and 100 select 
ea r l y -ma tu r i ng germp lasm accessions o r ig ina t ­
i ng f r o m var ious parts o f the w o r l d a t the 
Bagauda f a r m in s ing le-observat ion rows under 
t w o dates o f sow ing : 27 June and 29 Ju l y . On the 
basis of leaf disease resistance, acceptable g ra in 
q u a l i t y , ear ly m a t u r i t y , and acceptable agro­
n o m i c scores, we chose 67 accessions, a m a j o r i t y 
o f w h i c h p e r f o r m e d equal ly wel l under very late 
sow ing . These l ines w i l l be f u r t he r mu l t i p l i ed f o r 
d i s t r i b u t i o n t o na t i ona l p rog rams i n the reg ion , 
where they can be used as i n t roduc t i ons and 
crossing parents. 
Hybr id Trials 
We tested 17 advanced hybr ids in repl icated 
t r ia ls conduc ted a t Bagauda. I C S H 507 ranked 
f i rs t in g ra in y ie ld f o r the second successive year 
(5.48 ± 0.471 t ha - 1 , CV % 18) and was f o l l owed by 
I C S H 780 (5.43 t ha - 1 ) . The ea r l y -ma tu r i ng c o n ­
t r o l var ie ty I C S V 111 y ie lded 3.34 t ha - 1 . In 
p r e l i m i n a r y h y b r i d t r ia ls , 35 entries were evalu-
ated a long w i t h I C S H 507 as a c o n t r o l . I C S H 
507 y ie lded the highest (7.77±0.496 t ha - 1 , CV % 
14) a l t h o u g h hybr ids I C S A 3 8 x M R 917, I C S A 
3 9 x M R 906, I C S A 3 9 x M R 912, and I C S A 3 9 x 
M R 917 were s tat is t ica l ly o n par w i t h the 
c o n t r o l . 
East Africa 
Eva lua t ion for A d a p t a t i o n 
We evaluated a large n u m b e r of breeding l ines 
and ge rmp lasm lines a t the K i b o k o , K a t u m a n i , 
and A l u p e Research Sta t ions i n K e n y a d u r i n g 
the l o n g ra iny season ( M a r c h - J u l y ) . The breed­
i n g ma te r i a l inc luded A - and B-l ines, p o p u l a ­
t i ons , and diverse germp lasm and breeding l ines 
w i t h a range of m a t u r i t y and seed co lo r i n t r o ­
duced f r o m E th iop ia , S A D C C / I C R I S A T , I C R I -
S A T Center , M e x i c o , and U S A . A t K i b o k o , the 
ma te r i a l was eva luated f o r earl iness and t e r m i ­
na l d r o u g h t to lerance; a t K a t u m a n i f o r co ld t o l ­
erance and adap ta t i on to in te rmed ia te and h i g h ­
land areas, and at A l u p e fo r g ra in m o l d resistance 
and adap ta t i on to in te rmed ia te a l t i tude and 
h u m i d areas. The mate r ia l a t K i b o k o and K a t u ­
m a n i received adequate ra in fa l l up to f l owe r i ng , 
bu t no ra in fa l l d u r i n g g ra in f i l l i ng , w h i c h affected 
g ra in deve lopment . A t K a t u m a n i , the mate r ia l 
was also exposed to l o w n igh t temperatures 
(be low 10° C) d u r i n g the f l o w e r i n g pe r i od , w h i c h 
reduced seed-set o f unadap ted genotypes. A t 
A l u p e , the ma te r i a l received adequate ra i n fa l l 
d u r i n g a l l stages of p lan t g r o w t h ; th is gave us the 
o p p o r t u n i t y to select genotypes resistant to g ra in 
m o l d and w i t h adap ta t i on t o h u m i d env i r on ­
men ta l cond i t i ons . At K i b o k o , we selected 186 
adapted genotypes and 32 A- and B-pairs to le r ­
ant t o t e r m i n a l d rough t . A t K a t u m a n i , w e 
selected 60 co ld - to le ran t genotypes w i t h good 
ag ronomic a t t r ibutes and hav ing 9 0 - 1 0 0 % seed-
set compared to 0% fo r susceptible genotypes, 
whereas at A l u p e , we selected 50 adapted geno­
types least damaged by midge and free of g ra in 
m o l d . 
Southern Africa 
V a r i e t a l I m p r o v e m e n t 
In the b reed ing nursery , we selected 7 sets f o r 
advancement : 23 F1s (1 b r o w n , 22 wh i te ) to F 2 , 
98 F2s (1 b r o w n , 97 wh i te ) to F3 , 11 S1s (6 r e d / 
b r o w n , 3 w h i t e , 2 ye l low) to S2 , 331 F3s (3 red , 
327 w h i t e , 1 ye l l ow) to F 4 , 39 S2s (17 r e d / b r o w n , 
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22 wh i te ) to S3 , 58 F4s (35 r e d / b r o w n , 23 wh i te ) 
to F 5 , and another set of 54 S1s (25 r e d / b r o w n , 
16 w h i t e , 13 ye l low) to S2 . Select ions f o r p rom is ­
i n g types in F1 and F 2 / S 1 ear ly generat ions were 
made in a h i g h - i n p u t e n v i r o n m e n t a t A is leby in 
Z i m b a b w e , wh i le f u r t he r selections f o r super ior 
l ines in F 3 and advanced F 4 / F 5 generat ions were 
made a t M a t o p o s and M a k o h o l i under ra in fed 
cond i t i ons . F2s and F3s f r o m these breeding l ines 
are sent to the S A D C C na t i ona l p rog rams wh ich 
requested t h e m f o r the i r use in f u r t he r select ion 
and iden t i f i ca t i on o f super ior genotypes. 
Var ie ty Tr ia ls 
We eva luated 232 F 5 l ines in advance genera t ion 
test ing ( A G T ) a t M a t o p o s , M a k o h o l i , M z a r a -
ban i ( Z i m b a b w e ) , and Sebele (Bo tswana) ; and 
also evaluated 25 prev ious ly selected crossbred 
l ines in p re l im ina ry var ie ty t r ia ls a t M a t o p o s 
( Z i m b a b w e ) and Sebele (Bo tswana) under r a i n -
fed cond i t ions . 
F r o m the A G T , 4 9 l ines ( 2 1 % o f the entr ies), 
of w h i c h 45 were wh i t e -g ra in , 2 red-gra in , and 2 
b r o w n - g r a i n , were selected w i t h average g ra in 
y ie lds rang ing f r o m 5.02 to 9.75 t ha" 1 across 
loca t ions , re lat ive to average c o n t r o l yields o f 
4.65 t ha" ' ( D C 75) and 5.40 t ha -1 (Serena). The 
h ighest -y ie ld ing lines were wh i te -g ra in lines i n ­
c l ud ing S D S L 88154 (9.75 t ha - 1 ) , S D S L 88220 
(9.25 t ha - 1 ) , S D S L 88152 (8.75 t ha - 1 ) , S D S L 
88084 (8.58 t ha - 1 ) , S D S L 88166 (8.25 t ha - 1 ) , and 
S D S L 88153 (8.00 t ha - 1 ) . The best red-g ra in 
var ie ty was S D S L 88238 w i t h a y ie ld of 7.75 t 
ha - 1 . The SE f o r the above means was ±1.38. 
F i f teen of the 49 selected l ines pe r fo rmed very 
we l l a t a l l f o u r locat ions i nd i ca t i ng possible w ide 
adap tab i l i t y . We believe the rema in i ng 34 l ines 
had some speci f ic i ty in adap ta t i on because they 
were selected and pe r fo rmed we l l a t on ly t w o 
locat ions. 
M e a n g ra in yields (6.00 t ha - 1 ) and c rop 
residue yie lds (11.97 t ha - 1 ) f o r the p r e l i m i n a r y 
var iet ies in the p re l im ina ry var ie ty t r ia ls ( P V T ) 
were h igher at M a t o p o s t h a n at Sebele (4.31 t 
h a - 1 f o r mean g ra in yields and 8.89 t ha - 1 f o r c rop 
residue yie lds). Averaged across the t w o loca-
t ions , the highest g ra in yielders were S D S L 
87040 (7.09 t ha-1) , S D S L 87012 (6.11 t ha - 1 ) , 
S D S L 87032 (5.98 t ha - 1 ) , and S D S L 87035 (5.93 
t h a ' ) compared to the c o n t r o l variet ies SV2 
(5.87 t h a ' ) , Segaolane (4.99 t ha - 1 ) , SV1 (4.89 t 
ha - 1 ) , and the h y b r i d c o n t r o l P N R 8311 (4.30 t 
ha - 1 ) . The SE f o r these means was ±0.79. F o r the 
c rop residue yields, S D S L 87040 had 9.22 t ha - 1 
on average, S D S L 87012 had 12.96 t ha - 1 , S D S L 
87032 had 13.91 t h a ' , and S D S L 87035 had 
18.13 t ha - 1 , compared w i t h the c o n t r o l var iet ies ' 
residue yields of 9.05 t ha-1 (SV2) , 7.14 t ha-1 
(Segaolane), 7.43 t ha -1 (SV1) , and the h y b r i d 
con t ro l ' s y ie ld of 6.43 t ha - 1 ( P N R 8311). The SE 
f o r these means was ±1.46. 
H y b r i d Breeding and Evaluat ion 
A to ta l of 815 exper imenta l hybr ids developed 
us ing male steriles f r o m l C R I S A T , I nd i a , and 
Texas A & M Un ivers i ty , U S A , and a g r o n o m i -
ca l ly el i te R-L ines f r o m ou r S A D C C / I C R I S A T 
p r o g r a m and Texas A & M Un ivers i ty , was eva l ­
uated in t w o t r ia ls , each a t M a t o p o s and M z a r a -
ban i i n Z i m b a b w e , w i t h three local commerc ia l 
hybr ids as cont ro ls . 
The f i rs t set o f t r ia ls , S o r g h u m Testcross 
Eva lua t ion -1 (STCE-1 ) , conta ined 130 entr ies, 
and the second set, S o r g h u m Testcross Eva l ­
ua t ion -2 ( S T C E - 2 ) , conta ined 685 entr ies. The 
35 best p e r f o r m i n g exper imenta l hybr ids in the 
f i rs t set o f t r ia ls ( i nvo l v i ng I C R I S A T male ste-
r i les, C K 74A , A T x 623, and ma in l y I C R I S A T 
restorers) were selected across the t w o locat ions 
in the f i rs t set o f t r ia ls f o r f u r the r test ing. The 
selected 35 hybr ids , al l wh i te -g ra in , y ie lded on 
average between 5.04 and 7.09 t h a - 1 f o r g ra in 
and between 5.58 and 20.00 t h a - 1 f o r c rop 
residue compared w i t h the loca l hybr ids , P N R 
8544, P N R 8311 , and DC 75, w h i c h had yields 
rang ing f r o m 2.21 to 6.25 t ha - 1 f o r g ra in and 
f r o m 9.95 to 14.12 t ha - ' f o r c rop residue ( S E 
±0.99 f o r g ra in y ie ld and ±2.66 fo r c rop residue). 
In the second set o f t r i a l s , there were f ive 
groups o f exper imenta l hybr ids in t w o categories 
f o r each source of male steriles and restorers. 
The g roups inc luded hyb r ids w i t h I C R I S A T 
26 Sorghum 
male steri les ( m i l o A , cy top lasm) , Texas male 
steri les ( m i l o A 1 cy top lasm and n o n m i l o A 2 
cy top lasm) , S A D C C / I C R I S A T S o r g h u m and 
M i l l e t s I m p r o v e m e n t P r o g r a m ( S M I P ) restorers 
and Texas restorers. Observa t ions on c o m p a r a ­
t ive pe r fo rmance o f the d i f fe ren t sources o f male 
steri les and restorers in the second set of t r ia ls 
showed tha t 340 fe r t i le hyb r i ds w i t h Texas res­
torers crossed to the I C R I S A T male steriles 
(n=340) gave the highest average y ie ld of 6.41 t 
h a - 1 ( rang ing f r o m 3.42 to 9.33 t ha - 1 ) and were 
ear l iest m a t u r i n g w i t h 65 days to 5 0 % f lower ing 
on average (range of 58 79 days) and shortest in 
height w i t h an average of 1.29 m (range 0.86-1.60 
m ) . C o m p a r a t i v e l y , ou t o f the f o u r g roups o f 
hyb r i ds deve loped a t M a t o p o s , fer t i le hybr ids 
w i t h Texas male steriles ( n o n m i l o A 2 cy top lasm) 
crossed w i t h S A D C C / I C R I S A T restorers were 
ta l les t , r a n g i n g f r o m 1.31 to 2.68 m (1.94 m on 
average), and re lat ive ly late m a t u r i n g (77 days to 
5 0 % f l owe r i ng ) w i t h a range of 70-85 days, bu t 
had second best average yields of 5.96 t ha - 1 
( w i t h a range of 3.50 8.13 t ha -1). A t o ta l of 167 
new hyb r i ds (76 wh i te gra ins , 91 red g ra ins / 
b r o w n grains) was selected, y ie ld ing between 
6.25 and 9.08 t ha - 1 compared to the yields of 
loca l c o m m e r c i a l hybr ids P N R 8544 (5.04 t 
ha - 1 ) , P N R 8311 (2.21 t ha - 1 ) , and DC 75 (6.25 t 
ha - 1 ) . T h e SE f o r the above mean yields was 
±1 .31 . 
I n the S A D C C Pre l im ina ry H y b r i d T r i a l -1 
( S D P H T - 1 ) , 29 new hybr ids were evaluated w i t h 
loca l commerc i a l h y b r i d DC 75 a t M a t o p o s and 
M z a r a b a n i ( Z i m b a b w e ) , G o l d e n Val ley ( Z a m ­
b ia ) , H o m b o l o (Tanzan ia ) and Pandamatenga 
and Sebele (Bo tswana) . Seven wh i te hyb r ids 
( S D S H 13, S D S H 17, S D S H 18, S D S H 19, 
S D S H 60, S D S H 62, and S D S H 71) y ielded 
bet ter w h e n averaged across s ix loca t ions ( f r o m 
5.32 to 6.00 t ha - 1 ) t han the loca l h y b r i d c o n t r o l 
DC 75 (4.89 t ha - 1 ) (SE ±0.51). 
In a l l h y b r i d t r ia ls and in the var ie ty t r ia ls , 
entr ies ma tu red s ign i f i cant ly (P <0 .05 ) ear l ier 
(average 10 days ear l ie r ) , and grew ta l ler (aver­
age 0.30 m ta l le r ) at M z a r a b a n i (450 m asl and 
5 -8 ° C w a r m e r t han M a t o p o s ) t h a n a t M a t o p o s 
(1347 m asl). 
I n t w o o ther sets o f p r e l i m i n a r y h y b r i d t r ia ls , 
S D P H T - 2 and S D P H T - 3 , we evaluated 56 selec­
ted hybr ids w i t h t w o loca l commerc i a l hybr ids 
( D C 75 and P N R 8311) a t M a t o p o s and M z a r a ­
ban i . T w e n t y - t w o o f the test hyb r i ds were w h i t e -
g ra in , and yields averaged across locat ions ranged 
f r o m 6.04 to 7.58 t h a - 1 compared to the yields o f 
con t ro l s P N R 8311 (3.55 t ha - 1 ) and DC 75 (5.92 
t ha - 1 ) . The SE f o r these means was ±0.58. 
We evaluated 15 drought - res is tan t hyb r i ds , 
deve loped by cross ing t w o male steriles ( C K 6 0 A 
and A T x 623) w i t h the ten best restorer l ines 
iden t i f i ed f o r d r o u g h t resistance in the reg ion a t 
s ix locat ions: Lucyda le , M a k o h o l i , M a t o p o s , 
and M z a r a b a n i ( Z i m b a b w e ) and Sebele and 
Pandamatenga (Botswana) . T w o commerc ia l 
hyb r i ds D C 7 5 and P N R 8311 , and t w o commer ­
c ia l var iet ies SV 1 and Segaolane were used as 
con t ro l s in the six d rough t test loca t ions . W h e n 
yields were averaged over s ix loca t ions , three of 
the hyb r i ds , S D S H 504 (6 .321 h a 1 ) , S D S H 508 
(5.35 t ha - ' ) , and S D S H 512 (5.42 t ha"1) , ou t -
y ie lded the con t ro l s (4.25 t h a - 1 f o r var ie ta l c o n ­
t ro l s SV 1 and 4.98 t h a 1 Segaolane; 4.29 t ha - 1 
f o r h y b r i d c o n t r o l DC 75 and 5.09 t ha - 1 f o r 
h y b r i d c o n t r o l P N R 8311). T h e S E f o r these 
means was ±0.74. 
Forage Sorghum 
T h r o u g h consu l ta t ions w i t h the N A R S scientists 
in the reg ion , we iden t i f i ed t w o areas o f research 
on w h i c h we w i l l be concen t ra t ing f o r the nex t 
5 -10 years: (1) to imp rove the qua l i t y o f c rop 
residue wh i le m a i n t a i n i n g h igh g ra in y ie ld and 
(2) to i m p r o v e forage y ie ld and qua l i t y o f forage 
types fo r hay and silage. 
Twe lve so rghum gra in variet ies ( S V 1 , S V 2 , 
Segaolane, l C S V l ( C S V 11), Serena, T o w n , 
S D S 3472, S D S 170, S A R 16, S D S 2293-1 , S D S 
2690-2, and Tegemeo) have been crossed w i t h a 
n u m b e r o f b r o w n m i d r i b (bmr) l ines to t ransfer 
bmr gene in to g ra in cu l t ivars by backcrossing. 
T h e bmr gene reduces the l i g n i n con ten t in the 
p lan t and therefore increases the d r y mat te r 
d iges t ib i l i t y . Twe lve forage so rghum and n ine 
sudan grass lines have been crossed to a number 
of selected bmr l ines. The progeny w i l l be 
Sorghum 27 
advanced t h r o u g h pedigree breeding. F o u r sor­
g h u m lines f r o m M a l a w i were ident i f ied as new 
sources of bmr and then mu l t i p l i ed . These are 
named S D F S s 172, 173, 174, and 175. 
Properties o f Sorghum M a l t 
T w o po ten t i a l i ndus t r i a l uses o f s o r g h u m are in 
b r e w i n g and in the manu fac tu re o f s tarch. We 
iden t i f i ed so rghum cul t ivars w i t h h igh diastat ic 
ac t i v i t y in ma l ted so rghum g ra in . Besides h igh 
enzyme ac t i v i t y , the qua l i t y of p ro te in is also 
i m p o r t a n t in the m a l t i n g and b rew ing process. 
So lub le N is i m p o r t a n t f o r the g r o w t h of yeast 
d u r i n g the b rew ing process. We evaluated the 
p r o t e i n q u a l i t y o f u n m a l t e d and ma l ted g ra in by 
f r ac t i ona t i ng the prote ins i n to d i f ferent so lub i l ­
i t y classes. In cu l t ivars w i t h a h igh diastat ic act iv­
i t y , f r a c t i o n 1 (F1) w h i c h compr ises a l b u m i n , 
g l o b u l i n , and n o n p r o t e i n N increased due to 
m a l t i n g (Tab le 6). F o r most of the cu l t ivars , a 
reduc t ion was observed in the p r o l a m i n f rac­
t ions (F2 and F3) except in the case of M 3 5 - 1 . 
D ias ta t i c ac t iv i ty and F l o f ma l ted gra in were 
posi t ive ly correlated (r = 0.88, P < 0 . 0 5 ) . A l t h o u g h 
v a r i a t i o n fo r f rac t ions 4 and 5 were observed 
a m o n g the c u l t i v a r s , d i as ta t i c a c t i v i t y d i d 
no t show s igni f icant re la t ionsh ip w i t h these 
f rac t ions . 
Compar ison of Properties of Sorghum 
and M a i z e Starches 
Starch was isolated f r o m 11 so rghum and f ive 
maize cu l t ivars and the i r propert ies were c o m ­
pared . Swe l l i ng power , so lub i l i t y , and viscosity 
measurements d i d not reveal any s igni f icant d i f ­
ferences between maize and so rghum starches. 
H o t and co ld paste viscosity propert ies were 
de termined in a v iscoamy lograph . The peak v is­
cos i ty o f ho t paste o f so rghum starch, in general , 
was h igher t h a n tha t o f maize starch. The consis­
tency o f starch paste under ho t and co ld c o n d i -
Utilization 
ICRISAT Center 
Table 6. Diastatic activity and distribution of protein fractions in sorghum grains. 
Cultivar 
SPV 475 
IS 14384 
TAM2566 
M 35-1 
CSH 1 
IS 18519 
SE 
Treatment 
Unmalted 
Malted 
Unmalted 
Malted 
Unmalted 
Malted 
Unmalted 
Malted 
Unmalted 
Malted 
Unmalted 
Malted 
Unmalted 
Malted 
S D U 1 g-1 
21 
113 
114 
48 
45 
50 
±15.9 
Protein fractions (g [100 g]-1 of protein) 
F11 
19.1 
27.7 
19.9 
46.3 
16.7 
40.6 
15.7 
29.1 
16.7 
30.0 
15.9 
22.5 
±0.71 
±3.64 
F21 
13.0 
10.2 
10.8 
6.0 
10.3 
7.1 
10.1 
11.2 
11.2 
6.7 
13.5 
2.4 
±0.58 
±1.29 
F31 
20.5 
13.1 
15.8 
5.9 
17.6 
12.1 
22.2 
24.1 
21.1 
20.3 
17.3 
1.2 
±1.03 
±3.50 
F41 
6.1 
9.1 
10.1 
8.6 
7.9 
7.5 
5.2 
3.4 
4.1 
4.5 
7.7 
12.9 
±0.88 
±1.40 
F51 
28.2 
26.4 
28.2 
18.6 
24.0 
19.2 
34.3 
20.8 
35.4 
30.9 
30.7 
30.6 
±1.74 
±2.30 
1. S D U = Sorghum diastatic units; F1 = A lbumin-g lobu l in and nonprote in N; F2 = Pro lamin ; F3 = Cross-l inked pro lamin ; F4 = 
Glute l in; and F5 = Glutel in-l ike. 
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t ions is i m p o r t a n t as i t inf luences the tex tu re of 
foods . S tarch w i t h a high-paste v iscosi ty has a 
stable consistency in foods , l ike po r r i dge . C o l d 
paste viscosi ty and setback values of maize and 
so rghum starches were s imi lar . Thus , due to s im­
i la r i t y in several propert ies of maize and so rghum 
starches, i t appears tha t so rghum can supple­
ment maize in indus t r ia l starch p r o d u c t i o n . 
S ta rch was ext racted f r o m a ha rd -g ra in sor­
g h u m cu l t i va r S P V 472 and a sof t -gra in cu l t i va r 
WS 1297 tha t were g r o w n in the 1988/89 post -
ra iny season. The i r past ing character ist ics were 
compared us ing a v i scoamy log raph . The ho t 
paste v iscosi ty of starch at 95° C was about 730 
Brabender Un i t s ( B U ) fo r b o t h cu l t ivars (Tab le 
7). The reduc t i on in v iscosi ty o f s tarch on p r o ­
longed heat ing at 95° C is called shear t h i nn ing . 
I t is advantageous to have starch w i t h a l ow 
shear - th inn ing p rope r t y , w i t h w h i c h the consis­
tency of the prepared f o o d can be ma in ta ined at 
a desired level. The shear t h i n n i n g of starch f r o m 
S P V 472 was o n l y 2 5 % compared to 5 4 % in the 
case of WS 1297, i nd ica t ing the super ior qua l i t y 
o f s ta rch o f S P V 472. T h e co ld paste v iscosi ty o f 
F o o d Qual i ty 
We analyzed the g ra in q u a l i t y o f the r a i ny 
season-grown so rghum variet ies f r o m a m u l t i l o -
ca t iona l adap ta t i on t r i a l o f 12 cu l t ivars c o n ­
duc ted a t seven locat ions in M a l i and B u r k i n a 
Faso in the 1988 ra iny season. We studied the 
percentage recovery o f endosperm after dehu l -
l i ng f o r 5 m i n , us ing a Tangen t i a l A b r a s i n g 
D e h u l l i n g Device ( T A D D ) , co lo r o f to (a loca l 
por r idge) and its keeping qua l i t y . Results i n d i -
cated tha t the percentage recovery of endosperm 
ranged f r o m 5 6 % (cu l t i va r S 34) to 8 3 % ( loca l 
s tarch measured at 40° C was 1302 BU fo r S P V 
472 and 1003 BU fo r WS 1297. S im i l a r results 
were also ob ta ined f r o m the g ra in o f these t w o 
cu l t i vars harvested f r o m the pos t ra iny season o f 
1984/ 85. These da ta ind icate tha t h a r d - and sof t -
g ra in s o r g h u m cu l t ivars d i f fe r cons iderab ly i n 
the i r v iscoamylograph ic proper t ies . 
West Africa ( M a l i ) 
Table 7. Viscoamylographic properties of starch isolated f rom hard- and soft-grain sorghums grown 
in the postrainy season. 
Cultivar 
Hard sorghum 
SPV 472 
(Postrainy 1984/85) 
SPV 472 
(Postrainy 1988/89) 
Soft sorghum 
WS 1297 
(Postrainy 1984/85) 
WS 1297 
(Postrainy 1988/89) 
SE 
Hot paste viscosity (BU)1 
At 95°C 
725 
730 
740 
738 
±3.5 
After 60 min 
at 95°C 
550 
545 
350 
338 
±58.8 
Shear thinning 
(%) 
24 
25 
53 
54 
±8.4 
Cold paste viscosity (BU)1 
At 50°C 
1110 
1082 
810 
850 
±77.4 
At 40°C 
1290 
1302 
924 
1003 
±97.4 
1. BU = Brabender Units. 
Use of Semi-wet M i l l e d F lour 
in Composites for Bread 
Semi-wet m i l l i n g ( S W M ) , developed by the 
Overseas Deve lopmen t N a t u r a l Resources I ns t i ­
tu te ( O D N R I ) , consists o f a one-step ro l le r m i l ­
l i ng of so rghum grains cond i t i oned to a mois ture 
con ten t o f 2 0 - 2 2 % . The c o n d i t i o n i n g enables 
b ran to separate more comple te ly f r o m the 
endosperm resul t ing in a wh i te r f l ou r , than in the 
two-s tep d r y dehu l l i ng and m i l l i n g process. The 
effect o f the techno logy on f lour qua l i t y f o r 
bread was evaluated in repl icated s ing le-b l ind 
l a b o r a t o r y taste panel tests us ing a 15% S W M 
compos i te of so rghum in a st ra ight dough bread 
f o r m u l a t i o n f o r eva luat ion against a 100% wheat 
f l o u r c o n t r o l . W h e n the responses o f the rep l i ­
cated 10-member panels were analyzed by us ing 
a t test, no s igni f icant d i f ference (P <0 .05) in 
general acceptab i l i ty was observed between the 
15% S W M compos i te (mean hedonic score o f 
6.4) and the wheat f l ou r c o n t r o l (mean hedonic 
score of 6.5) on a scale of 1-7, where 1 = s t rong 
d is l ike and 7 = s t rong l i k i n g . The t r i a l d e m o n ­
strates tha t S W M f l o u r can be i nco rpo ra ted t o 
the same levels (15%) in b read , as was shown in 
prev ious studies w i t h d r y dehul led and mi l led 
f l ou r , w i t h o u t loss o f acceptabi l i ty . Studies w i l l 
be con t inued to fu r ther test the possib i l i ty of 
i n c o r p o r a t i n g h igher levels (20-25%) o f S W M 
f l o u r i n composi tes fo r bread. 
F o o d Qual i ty 
We con t inued physica l character izat ion o f 14 
t r ad i t i ona l so rghum foods f r o m Z imbabwe and 
of 59 breeding l ines, var iet ies, and hybr ids f r o m 
the S A D C C / I C R I S A T P r o g r a m . Quant i ta t i ve 
c r i te r ia used in charac ter iza t ion were gra in size, 
size rat ios (d i f fe rent ia l size screening as percent­
age o f to ta l ) , dehu l l i ng and m i l l i n g y ie ld , endo­
sperm tex ture score, test mass, and density. 
Compar i son o f t r ad i t i ona l germplasm to i m ­
proved mater ia ls showed that a h igh p r o p o r t i o n 
(93%) o f b o t h wh i te - and r e d / b r o w n lines had 
hard- to - in te rmed ia te endosperm tex ture ( i .e. , 
3-5 on a scale of 1-5, where 1 = soft and 5 = hard) . 
Seventy-one percent o f the imp roved mater ia l 
had h igh m i l l i n g y ie ld ( > 7 0 % ) , t hough on ly 5 0 % 
had high kernel mass values (>2 .5g [100 grains] - 1) . 
The imp roved mater ia l showed d i f ferent m i l l i n g 
qual i t ies in wh i te - and r e d / b r o w n lines. 
Of the improved whi te-grain types, 90% showed 
h igh endosperm texture scores, 6 5 % showed 
h igh m i l l i n g yields, and 8 6 % showed h igh kerne l 
mass; however , f o r the i m p r o v e d r e d / b r o w n -
g ra in types, the respective percentages were o n l y 
30, 10, and 60. T r a d i t i o n a l selections of f o o d 
g ra i n , b o t h red and wh i te , had m i l l i n g proper t ies 
S o u t h e r n A f r i c a 
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Sugar f r o m Sorghum 
We evaluated 69 sweet-stemmed so rghum lines 
f r o m the w o r l d sorghum col lec t ion a t 1CR1SAT 
Center f o r sugar content of ju ice (b r i x ) , sugar 
y ie ld in t h a 1 , biomass y ie ld (who le p lant and 
s t r ipped stalk in t ha - 1 ) , p lan t height , and 
number o f in ternodes under ra in fed and i r r i ­
gated cond i t i ons . F o u r sequent ial harvests were 
made at f ou r successive stages of ma tu r i t y f r o m 
p re f l ower ing (boo t leaf stage) to ha rd -dough 
stage. Th i r t y -one lines were selected p r i m a r i l y 
on the basis o f e i ther h igh b r i x ( > 1 5 % ) or h igh 
sugar y ie ld ( > 4 t ha - 1) at either sof t -dough or 
ha rd -dough stage of g r o w t h . Selections were 
made independent ly under i r r igated and ra in fed 
cond i t i ons . Fu r the r test ing w i l l be carr ied out at 
three locat ions i nc lud ing Ch i redz i in the sugar-
g r o w i n g lowve ld o f Z imbabwe . 
cu l t i va r ) . A m o n g the i m p r o v e d cu l t ivars , I C S V 
16-5 B F ( 7 6 % ) , I C S V 1078 B F ( 7 2 % ) , I C S V 1093 
BF (71 % ) , and I C S V 1079 BF (70%) were accep­
tab le . D i f ferences in the co lo r of to were neg l i ­
g ib le ( 1 -2 on a scale of 1-5, where 1 = excellent 
and 5 = wors t ) . In general , wh i te and shades of 
ye l l ow were readi ly acceptable. The score fo r to 
keep ing qua l i t y var ied between 1.1 ( I C S C 1078 
B F ) and 1.9 ( I C S V 1083 B F ) on a scale of 1-5, 
where 1 = h igh ly stable and 5 = very soft and 
unacceptable. Cu l t i va rs I C S V 1079 BF and 
I C S V 1063 BF were h igh ly stable in to keeping 
qua l i t y across locat ions. 
30 Sorghum 
comparab le w i t h those o f i m p r o v e d wh i te -g ra in 
lines bu t had l ow kernel masses. 
The gra in character iza t ion p r o g r a m aims to 
develop a cumula t i ve da ta base on the ge rm-
p lasm avai lable in the reg ion and to develop 
adequate da ta f o r co r re la t i on analysis to enable 
the de r i va t i on o f an in tegrated g ra in qua l i t y 
index fo r m i l l i n g qua l i t y . 
A m i c r o m a l t i n g system and a d iastat ic power 
( D P ) procedure were s tandard ized to enable 
m i c r o m a l t i n g of up to 50 microsamples of 20 g 
each in one ope ra t i on and up to 40 DP de te rm i ­
nat ions per day. M e t h o d o l o g y s tandard iza t ion 
is a imed at reduc ing sample size fo r ma l t i ng and 
DP to a m i n i m u m , to adop t the techniques f o r 
screening purposes. I t is also a imed at re la t ing 
DP o r so rghum diastat ic uni ts ( S D U ) t o o ther 
indices of m a l t i n g , such as ma l t m o d i f i c a t i o n , 
w h i c h are more easily and rap id l y de termined by 
physica l o r op t i ca l methods in order to even tu ­
a l ly replace DP as a screening t o o l , and app l y i ng 
i t on l y at more advanced stages of select ion. S ix 
s o r g h u m l ines, i nc l ud ing t w o commerc ia l b rew­
ing sorghums, Red Swaz i (47.10 S D U ) and 
F r a m i d a (41.20 S D U ) , t w o t r ad i t i ona l b rew ing 
sorghums, C h i m o n d a (17.80 S D U ) and B r o w n 
Tsweta (31.75 S D U ) , and t w o i m p r o v e d w h i t e -
g ra in var iet ies, I C S V 2 ( Z S V 1) (36.75 S D U ) and 
SV1 (36.60 S D U ) have been screened f o r S D U 
and are be ing evaluated f o r ma l t m o d i f i c a t i o n in 
a cooperat ive t r i a l w i t h the Car lsberg Research 
Center , D e n m a r k . 
S. calamistis are i m p o r t a n t s tem borer species in 
A f r i c a . Ch i lo -suscept ib le con t ro l s , 1CSV 1 and 
C S H 5, had over 8 0 % deadhearts wh i le Chilo-
resistant l ines, IS 1082, IS 18677, IS 23962, P 84, 
PS 14413, and PB 12450, were also resistant to 
Sesemia w i t h less t han 10% deadhearts. Th is 
indicates a good level of cross resistance to the 
d i f fe rent stem borer species. 
Collaboration with National 
Agricultural Research Systems 
I C R I S A T C e n t e r 
P i n k B o r e r (Sesemia inferens) i n I n d i a 
In co l l abo ra t i ve studies a t the A g r i c u l t u r a l Re­
search S t a t i o n , W a r a n g a l , A n d h r a Pradesh, 
na tu ra l in festat ions of the p i n k borer , S. infer-
ens, were very h igh on so rghum d u r i n g the post -
r a i ny season. T w o re lated species, S. cretica and 
International Sorghum Variety 
and Hybrid Adaptation Trial 
( ISVHAT-88 ) 
I S V H A T - 8 8 consisted of 10 test variet ies and 10 
test hyb r i ds bred a t I C R I S A T Center . The c o n ­
t ro l s were f o u r establ ished I C R I S A T - b r e d h y ­
b r ids and an en t ry con t r i bu ted by the coopera t ­
ing scientist at each test l oca t i on . T r i a l seeds 
were d ispatched to 20 locat ions , bu t da ta were 
received f r o m eight loca t ions : three locat ions in 
I n d i a , one in M y a n m a r , one in the Ph i l ipp ines , 
t w o in T h a i l a n d , and one in V i e t n a m . Tab le 8 
shows the g ra in y ie ld of the t op 10 entries and 
the i r ranks at each l oca t i on as we l l as the number 
o f loca t ions o f each ent ry ranked in the t op 2 0 % 
and b o t t o m 2 0 % fo r g ra in y ie ld . 
A t Bhavanisagar ( I nd ia ) I C S V 233 was the 
best y ie lder (9.22 t ha - 1 ) , f o l l o w e d by I C S H 281 
(9.18 t ha - 1 ) and I C S H 479 (9.02 t ha - 1 ) . At 
Pa tancheru ( I nd ia ) , I C S H 205 (3.67 t ha - 1 ) and 
I C S H 310 (3.51 t ha - 1 ) y ie lded we l l , whereas the 
c o n t r o l en t r y I C S H 153 (3.99 t ha - 1 ) y ie lded 
better. At D h a r w a d ( I nd ia ) , I C S H 205 (7.28 t 
ha- ' ) and I C S H 479 (7.09 t ha - 1 ) y ie lded we l l , 
whereas the c o n t r o l hybr ids I C S H 110 had a 
y ie ld o f 7.44 t ha - 1 and I C S H 566 of 7.38 t h a - 1 . 
A t Yez in P y i n m a n a ( M y a n m a r ) , the t w o best 
test entr ies were I C S H 245 (4.34 t ha - 1 ) and 
I C S H 281 (4.25 t ha - 1 ) . The c o n t r o l h y b r i d I C S H 
153 (4.18 t ha - 1 ) also pe r fo rmed we l l . At I l agan 
( the Ph i l i pp ines) I C S H 401 and I C S V 197 d i d 
we l l and had s imi la r yields (4.26 t ha - 1 ) , whereas 
the c o n t r o l hyb r i ds , I C S H 110 (4.40 t h a - 1 ) and 
I C S H 566 (4.22 ha"1) also d i d we l l . A t Pack -
chong (Tha i l and ) the best test en t ry was I C S V 
112 (7.52 t ha - 1 ) compared to the best c o n t r o l 
entr ies I C S H 110 (7.98 t ha - 1 ) , I C S H 566 (7.08 t 
ha- 1 ) , and I C S H 153 (7.04 t ha - 1 ) . A t Suphanbu r i 
(Tha i l and ) the best test entries were I C S H 310 
(7.79 t ha - 1 ) and I C S H 229 (6.98 t ha - 1 ) , whereas 
the best con t ro l s were loca l var iet ies (6.34 t ha - 1 ) 
and I C S H 566 (6.24 t ha - 1 ) . A t T u L o c (V ie tnam) 
the t w o best test entr ies were I C S H 479 (5.09 t 
ha"1) and I C S V 233 (3.04 t ha - 1 ) compared to the 
best con t ro l s I C S H 153 (3.39 t ha - 1 ) and I C S H 
566 (3.09 t ha - 1 ) . 
T h e t o p f o u r test entr ies, based on mean over 
the eight loca t ions , were I C S H 310 (5.42 t ha - 1 ) , 
I C S H 281 (5.39 t ha - 1 ) , I C S H 479 (5.26 t ha - 1 ) , 
and I C S H 205 (5.15 t ha - 1 ) . A m o n g the cont ro ls 
the three best entries were I C S H 153 (5.44 t ha - 1 ) , 
I C S H 110 (5.41 t ha - 1 ) , and I C S H 566 (5.13 t 
h a 1 ) . In 5 ou t of 8 locat ions, I C S H 310 ranked in 
the t o p 2 0 % o f the entr ies f o l l o w e d by I C S H 479 
( three locat ions) and I C S H 205 (three locat ions) . 
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T a b l e 8 . M e a n g r a i n y i e l d ( t h a 1 ) o f t h e t o p t e n en t r i es i n t h e 1 9 8 8 I n t e r n a t i o n a l S o r g h u m V a r i e t y a n d 
H y b r i d A d a p t a t i o n T r i a l ( I S V H A T 8 8 ) 1 a t e igh t l o c a t i o n s 2 , t h r e e i n I n d i a , o n e each i n M y a n m a r a n d 
t h e P h i l i p p i n e s , t w o i n T h a i l a n d , a n d o n e l o c a t i o n i n V i e t n a m . 
Ent ry 
I C S H 310 
ICSH 281 
I C S H 479 
ICSH 205 
I C S H 401 
ICSV 197 
ICSH 245 
I C S H 229 
ICSV 233 
ICSV 112 
Controls 
I C S H 153 
I C S H 110 
I C S H 566 
Loca l 
SE 
Tr ia l mean 
(25 entries) 
C V ( % ) 
Efficiency 
(%) 
1 
M e a n 
8.66 (5)3 
9.18 (2) 
9.02 (3) 
8.12 (7) 
7.94 (9) 
8.08 (8) 
7 .06(14) 
8.62 (6) 
9.22 (1) 
6 .52(18) 
8.67 (4) 
7 .86(10) 
7 .00(16) 
5 .81(22) 
±0.62 
7.14 
15 
100 
I n d i a 
2 
M e a n 
3.51 (3) 
3.06 (9) 
3.07 (8) 
3.67 (2) 
2 .81(18) 
2 .96(13) 
2 .85(16) 
2 .92(14) 
2 .87(15) 
3.10 (6) 
3.99 (1) 
3.34 (5) 
3.43 (4) 
2 .51(20) 
±0.25 
2.92 
12 
149 
3 
M e a n 
5 .83(14) 
6.55 (8) 
7.09 (4) 
7.28 (3) 
6 .20(10) 
6.59 (7) 
6.78 (5) 
5 .87(13) 
5 .63(16) 
5 .59(17) 
6.63 (6) 
7.44 (1) 
7.38 (2) 
4 .83 (23 ) 
±0.41 
5.93 
33 
108 
M y a n m a r 
4 
M e a n 
4.15 (4) 
4.25 (2) 
3 .33(14) 
3.78 (9) 
4.03 (6) 
3 .27(15) 
4 .34 (1) 
3.93 (7) 
3 .14(19) 
2 .80(21) 
4.18 (3) 
3 .69(11) 
2 .67(23) 
3 .54(12) 
±0.66 
3.45 
20 
100 
P h i l i p -
p ines 
5 
M e a n 
4.13 (6) 
4.11 (7) 
3 .49(12) 
3 .39(15) 
4.26 (2) 
4.26 (3) 
3 .41(14) 
3 .01(20) 
3.99 (8) 
2 .80(24) 
3 .91(10) 
4 .40 (1) 
4.22 (4) 
2 .59(25) 
±0.41 
3.54 
14 
111 
T h a i l a n d 
6 
M e a n 
5 .75(11) 
6.20 (7) 
5 .67(14) 
5 .68(13) 
5 .82(10) 
6.03 (9) 
5.59(15) 
5 .19(18) 
5 .07(20) 
7.52 (2) 
7.04 (4) 
7.98 (1) 
7.08 (3) 
6.35 (6) 
±0.45 
5.60 
11 
100 
T h a i l a n d 
7 
M e a n 
7.79 (1) 
6 .14(11) 
5 .33(23) 
6.54 (4) 
5.86(14) 
5 .35(21) 
6.68 (3) 
6.98 (2) 
5.83(15) 
5 .73(17) 
5 .71(18) 
6 .07(12) 
6.24 (8) 
6.34 (6) 
±0.38 
6.00 
26 
102 
V i e t n a m 
8 
M e a n 
3.05 (5) 
2.73(12) 
5.09 (1) 
2.66(14) 
2 .70(13) 
2 .83(10) 
2.35(23) 
2 .53(19) 
3.04 (4) 
2.98 (8) 
3.39 (2) 
2 .57(17) 
3.09 (3) 
-
±0.43 
2.84 
-4 
N o . o f 
l oca t i ons 
entry ranked 
T o p B o t t o m 
2 0 % 
5 
2 
3 
3 
1 
1 
3 
1 
2 
1 
5 
4 
4 
0 
2 0 % 
0 
0 
0 
0 
0 
1 
1 
0 
0 
2 
0 
0 
I 
3 
1 . 5 x 5 l a t t i c e , p l o t s ize r a n g e d f r o m 3.0 m 2 t o 7.5 m 2 . 
2 . L o c a t i o n s : 1 = B h a v a n i s a g a r , 2 = P a t a n c h e r u ( I C R I S A T C e n t e r ) , 3 = D h a r w a d , 4 = Y e z i n P y i n m a n a , 5 = I l a g a n , 6 = P a c k c h o n g , 7 = 
S u p h a n b u r i , a n d 8 = T u L o c . 
3 . N u m b e r s i n p a r e n t h e s e s a r e r a n k s . 
4 . D a t a f r o m V i e t n a m w e r e a n a l y z e d f o l l o w i n g a r a n d o m i z e d c o m p l e t e b l o c k d e s i g n . 
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S i m i l a r l y , i n f i ve ou t o f e ight loca t ions , the c o n -
t r o l en t ry I C S H 153 ranked in the t op 2 0 % o f the 
entr ies f o l l o w e d by t w o c o n t r o l entr ies I C S H 110 
( f o u r locat ions) and I C S H 566 ( f ou r locat ions) . 
Prote in Digestibi l i ty and A m i n o Ac id 
Composi t ion of Uji f r o m Kenya 
We de te rmined the i n v i t r o p ro te in d iges t ib i l i t y 
( I V P D ) and a m i n o acid c o m p o s i t i o n o f three uji 
samples received f r o m ou r coopera to r f r o m the 
Un ive rs i t y o f N a i r o b i , Kenya. The samples c o n ­
sisted of a fe rmented and d r u m - d r i e d uji, a 
d r u m - d r i e d uji made f r o m germina ted so rghum 
f l o u r , and an un fe rmented uji ( con t ro l ) . Fer­
mented and d r u m - d r i e d uji had an I V P D value 
of 57 .4% (SE ± 2.19); d r u m - d r i e d uji made f r o m 
ge rm ina ted s o r g h u m f l o u r had a value o f 24 .8% 
( S E ±2.07) wh i le the va lue o f the c o n t r o l was 
35 .4% ( S E ±1.20). Resul ts suggested tha t fer­
m e n t a t i o n of uji cons iderab ly i m p r o v e d the 
I V P D compared to the o ther t w o uji samples, 
wh i l e the a m i n o ac id c o m p o s i t i o n d i d no t show 
m u c h va r i a t i on a m o n g the three uji samples. 
the b a k i n g techno logy o f w h e a t / s o r g h u m c o m ­
posi te f l o u r . F l o u r f r o m six d i f fe ren t s o r ghum 
cu l t i va rs was used to subst i tu te wheat f l o u r a t 
3 0 % , 4 0 % , and 5 0 % levels. I n another expe r i ­
men t , we compared loaves o f bread baked f r o m 
w h e a t / m a i z e and w h e a t / s o r g h u m compos i te 
f l o u r . T h e bread made o f 100% wheat f l o u r gave 
the best l oa f w i t h a specif ic l oa f vo l ume ( S L V ) o f 
3.31 cm g - 1 . There was no s ign i f icant di f ference 
i n S L V u p t o 5 0 % level o f subs t i t u t i on b y 
s o r g h u m . Bread tha t had up to 5 0 % level o f 
subs t i t u t i on was acceptable. In general , bread 
made f r o m whea t / s o r g h u m compos i te f l o u r was 
bet ter t h a n tha t f r o m w h e a t / m a i z e compos i te 
f l o u r i n S L V , t o t a l bread score, and crude p r o ­
te in content . 
West Af r ica Regional Var ie ty 
and H y b r i d A d a p t a t i o n Tr ia ls 
The West A f r i c a n S o r g h u m Var ie ty A d a p t a t i o n 
Tr ia l ( W A S V A T - 8 8 ) comprising early- and medium-
d u r a t i o n cu l t i va rs , consisted o f 20 entr ies. E n ­
tr ies were con t r i bu ted by the West A f r i c a n 
S o r g h u m I m p r o v e m e n t P r o g r a m ( W A S I P ) , na­
t i o n a l p rog rams o f Ghana , C a m e r o o n , M a l i , 
and Senegal. Results were received f r o m 10 loca­
t ions . T h e cu l t i va r Nagawh i te had the highest 
overa l l mean y ie ld of 3.53 t ha - 1 f o l l owed by 
I C S V 2 1 0 IN (3.41 t ha - 1 ) and I C S V 111 IN (3.27 
t ha - 1 ) . T h e mean y ie ld of the loca l c o n t r o l va-
r ie ty was 2.37 t ha -1 (Tab le 9). 
Entr ies f r o m C a m e r o o n , M a l i , B u r k i n a Faso, 
and Niger were included in the W A S V A T med ium-
d u r a t i o n t r i a l . We received results f r o m 11 loca­
t ions . Three cu l t i vars , I C S V 1063 B F , M a l i s o r 
8 4 - 1 , and I C S V 1089 BF produced overa l l mean 
g ra i n yields over 3.0 t ha - 1 compared to 2.15 t 
ha - 1 f o r the loca l con t ro l var ie ty (Tab le 10). 
T h e West A f r i c a n S o r g h u m H y b r i d A d a p t a ­
t i o n T r i a l ( W A S H A T - 8 8 ) had 20 entr ies. Results 
f r o m seven locat ions showed tha t the highest-
y i e ld ing hybr ids were I C S H 507 (3.32 t ha - 1 ) , 
I C S H 330 (3.09 t ha - 1 ) , and I C S H 88042 (3.03 t 
ha - 1 ) . The loca l c o n t r o l var ie ty p roduced 1.74 t 
h a - 1 (Tab le 11). 
West Africa 
L e a f Anthracnose (Colletotrichum 
graminicola) in Burk ina Faso 
I n c o l l a b o r a t i o n w i t h the B u r k i n a Faso na t i ona l 
p r o g r a m , we evaluated 80 s o r g h u m cu l t ivars at 
F a r a k o - B a . A l l loca l var iet ies (51) had an th rac­
nose symp toms when evaluated a t 59 D A S . F o u r 
i m p r o v e d var iet ies ( I C S V 111, IS 21658, 84 S 82, 
and B 58585) had no anthracnose symp toms . 
W h e a t / S o r g h u m Composi te F l o u r 
in Niger ia 
I n c o l l a b o r a t i o n w i t h the Ins t i tu te o f A g r i c u l t u ­
ra l Research ( I A R ) , S a m a r u , we are de te rm in ing 
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T a b l e 1 0 . M e a n g r a i n y i e l d ( t h a - 1 ) o f t h e h i g h e s t - y i e l d i n g m e d i u m - d u r a t i o n c u l t i v a r s i n t h e W e s t 
A f r i c a n S o r g h u m V a r i e t y A d a p t a t i o n T r i a l ( W A S V A T ) a t s ix l o c a t i o n s i n W e s t A f r i c a , r a i n y s e a s o n 
1 9 8 8 1 . 
Entry 
ICSV 1063 BF 
Mal isor 84-1 
ICSV 1089 BF 
BF 80-7-7-2-1 
ICSV 1092 BF 
BF 80-9-8-3-1 
Cont ro l 
Local 
SE 
Tr ia l mean 
(20 entries) 
C V ( % ) 
Burk ina Faso 
Farako-Ba 
Mean 
3.45 
3.16 
2.81 
2.78 
2.38 
2.59 
1.61 
±0.325 
2.25 
25 
Rank 
1 
2 
3 
4 
10 
7 
17 
Saria 
Mean 
4.66 
4.38 
4.90 
5.18 
4.38 
4.56 
2.23 
±0.529 
4.58 
20 
Rank 
11 
13 
8 
5 
13 
12 
20 
M a l i 
Sotuba 
Mean 
4.33 
3.10 
3.45 
3.71 
3.18 
3.10 
3.11 
±0.248 
3.31 
13 
Rank 
1 
13 
7 
5 
11 
13 
12 
Nigeria 
Samanko 
Mean 
1.20 
1.27 
0.91 
1.23 
1.12 
0.95 
0.65 
±0.164 
0.98 
Rank 
3 
1 
11 
2 
5 
10 
20 
Bagauda Karewa 
Mean Rank Mean Rank 
3.00 4 3.42 3 
2.67 8 3.91 2 
3.31 2 2.67 13 
1.83 12 3.11 4 
3.48 1 2.71 12 
2.91 6 2.98 7 
0.83 20 4.44 1 
±0.389 ±0.279 
2 .41 3.62 
28 16 
Overal l 
Mean 
3.34 
3.08 
3.01 
2.97 
2.88 
2.85 
2.15 
Rank 
1 
2 
3 
4 
5 
6 
18 
1. Randomized-b lock design w i t h three repl icat ions, p lo t size ranged f r o m 6.4 m2 to 19.4 m2 . 
West A f r ica Regional Disease 
and Striga Nurseries 
East Africa 
L o n g smut (Tolyposporium 
ehrenbergii) in Kenya 
I n c o l l a b o r a t i o n w i t h K e n y a A g r i c u l t u r a l R e ­
search Ins t i tu te ( K A R I ) , M u g u g a , we ident i f ied 
one ge rmp lasm l ine , IS 8595, as free f r o m l o n g 
smut i n fec t i on i n 1988 ( 1 C R I S A T A n n u a l Re ­
p o r t 1988, pp . 13-14). We a t t r i bu ted th is f ree­
d o m f r o m in fec t i on t o its large g lumes tha t c o m ­
plete ly cover the g ra in . To ascertain th is , we 
screened 10 large-g lumed ge rmp lasm lines f r o m 
the Genet ic Resources U n i t ( G R U ) a t I C R I S A T 
Center f o r resistance and f o u n d one l ine, IS 
5841 , to be h igh ly susceptible w i t h 7 7 % in fec t ion 
wh i le t w o lines were less susceptible: IS 7669 
w i t h 1 1 % and I S 7167 w i t h 3 3 % in fec t i on . The 
rema in ing eight l ines were f o u n d to be free f r o m 
l o n g smut i n fec t i on . These results ind icate tha t 
comp le te g ra i n g lume coverage may no t be 
We organ ized the West A f r i c a n S o r g h u m D i s ­
ease Resistance Nursery ( W A S D R N ) and the 
West A f r i c a n So rghum Striga Nursery ( W A S S N ) 
in 1988. The W A S D R N consisted o f 36 entr ies 
and was g r o w n at six locat ions, L o n g o r o l a 
( M a l i ) , F a r a k o - B a and N i a n g o l o k o ( B u r k i n a 
Faso) , Ferkessedougou (Co te d ' l vo i r e ) , Samaru 
(N ige r i a ) , and Bengou (N ige r ) . Three genotypes, 
84 S 82, 84 S 130, and 84 W 838, were resistant to 
the prevalent leaf diseases at a l l locat ions. The 
W A S S N consisted o f 11 entr ies w h i c h we had 
prev ious ly tested in Striga-sick f ie lds and of one 
loca l c o n t r o l . The nursery was sent to Came­
r o o n , G h a n a , M a l i , N ige r , N ige r ia , and T o g o . 
We received results f r o m Ghana , C a m e r o o n , 
and M a l i . The results c o n f i r m e d ou r earl ier 
observa t ion tha t IS 9830 and I C S V 1007 BF are 
resistant to Striga hermonthica. 
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Ergot Resistance Screening in E th iop ia 
and R w a n d a 
In c o l l a b o r a t i o n w i t h the I ns t i t u t des sciences 
ag ronomiques d u R w a n d a ( I S A R ) i n R w a n d a , 
we screened, f o r the second year, 63 l ines at 
K a r a m a Research S ta t i on and selected 15 l ines 
w i t h resistance to ergot . V i sua l ergot scores o f 
selected l ines were no t m o r e t h a n 3 on a 1-5 
East A f r ica Regiona l Y ie ld Tr ia ls 
S o r g h u m scientists f r o m N A R S w h o pa r t i c i ­
pa ted i n East A f r i c a n Reg iona l S o r g h u m and 
M i l l e t ( E A R S A M ) network 's s ix th regional w o r k ­
shop held in 1988 in Soma l i a recommended tha t 
reg iona l s o r g h u m y ie ld t r ia ls shou ld be i n i t i a ted , 
and requested 1 C R I S A T to organize and coor ­
d ina te these t r ia ls . We therefore organ ized and 
d is t r ibu ted t o the N A R S i n eastern A f r i c a t w o 
reg iona l t r ia ls : E A R S A M El i te S o r g h u m Y ie ld 
T r i a l ( E E S Y T ) fo r l o w l a n d and in termedia te 
e levat ions. The E E S Y T L o w l a n d e levat ion c o n ­
sisted o f 25 var iet ies and the E E S Y T In te rme-
d ia te e leva t ion consisted of 16 var iet ies c o n t r i b ­
u ted by the N A R S in eastern A f r i c a , the Sem i -
A r i d F o o d G r a i n Research and Deve lopmen t 
( S A F G R A D ) / I C R l S A T , and i C R I S A T Cen ­
ter . T h e E E S Y T L o w l a n d was evaluated at 14 
loca t ions , wh i le E E S Y T In te rmed ia te was eva l ­
uated at nine locat ions th roughou t eastern A f r i ca . 
We received and analyzed data f r o m on ly t w o 
locat ions each f o r E E S Y T L o w l a n d and E E S Y T 
In te rmed ia te . We expect to get da ta f r o m the 
o ther loca t ions in ear ly 1990. Results showed 
d i rec t l y l i nked w i t h smut resistance since IS 
5841 , w h i c h also has large g lumes cover ing the 
g ra i n , was h igh ly susceptible. However , i t is sur­
p r i s ing to f i n d such a h igh percentage of large-
g lumed l ines to be free f r o m smut i n fec t ion . We 
w i l l screen more ge rmp lasm lines w i t h large 
g lumes to f i n d ou t the i r reac t ion to l o n g smut 
i n fec t i on . 
Studies of Covered Smut (Sphacelotheca 
sorghi) in Kenya 
I n c o l l a b o r a t i o n w i t h K A R I , w e in i t ia ted exper­
iments on covered kernel smut a imed at deve lop­
i ng a re l iable me thod of i nocu la t i on to be used to 
screen so r ghum fo r resistance to covered smut . 
We t r i ed t w o methods o f i n o c u l a t i o n . T h e f i rs t 
m e t h o d invo lved i nocu la t i ng seeds of the sus­
cept ib le so rghum var ie ty E m b u 11 w i t h a spore 
suspension, wh i le the second m e t h o d invo lved 
i n o c u l a t i n g seeds o f the same var ie ty w i t h d r y 
te l iospores before sow ing . I n o c u l a t i o n w i t h a 
spore suspension gave no i n fec t i on , wh i le i n o c u ­
l a t i on w i t h d ry tel iospores gave some in fec t ion . 
We var ied the amounts o f d r y tel iospores (10 m g , 
20 m g , 30 m g , 40 m g , and 50 mg) and m i x e d t h e m 
w i t h 10 g of seeds and sowed the treated seeds in 
pots ma in ta ined in the greenhouse. There was no 
in fec t ion when seeds were m i x e d w i t h 10 mg or 
20 mg of d r y te l iospores, wh i le i n fec t ion was 
5 .2% when seeds were m i x e d w i t h 30 m g , 20 .2% 
w i t h 40 m g , and 70.8% w i t h 50 mg o f d r y te l io ­
spores. We are n o w c o n d u c t i n g exper iments in 
o rder t o achieve m a x i m u m in fec t ion by m i x i n g 
seeds w i t h large amoun ts (above 50 mg) o f d r y 
te l iospores. 
r a t i ng scale, where 1 = no ergot and 5 = m o r e t h a n 
5 0 % of spikelets infected in a panic le . The resis­
tan t l ines were ISs 25480, 25481 , 25485, 25489, 
25527, 25530, 25531, 25533, 25537, 25542, 25554, 
24555, 25573, 25576, and 25583. 
We stud ied the re la t ionsh ip between po l l i na -
t i o n and ergot in fec t ion and f o u n d tha t ergot 
inc idence increased as the t ime in te rva l between 
i n o c u l a t i o n and anthesis increased. We also 
iden t i f i ed the c o m m o n grasses (Panicum maxi-
mum and Cenchrus ciliaris) as a l te rna te /co l la t -
era l hosts of the so rghum ergot pa thogen. These 
grasses may serve as p r i m a r y sources of ergot 
i n o c u l u m . 
I n c o l l a b o r a t i o n w i t h I A R , E t h i o p i a , w e 
screened, f o r the t h i r d year, 12 l ines at A r s i 
Negele Research S ta t i on and selected six resis­
tan t l ines ( E T S 1446, E T S 2448, E T S 2465, E T S 
3155, E T S 4457, and E T S 4927) w i t h less t h a n 
15% infected spikelets compared to 100% in sus­
cept ib le cont ro ls ( E T S 4567 and E T S 2113). 
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S t e m Borer (Chilo partellus) in Somal ia 
Stem borer in fes ta t ion is very severe in the 
s o r g h u m - g r o w i n g areas of Soma l ia especial ly 
where the c rop is ra tooned . In response to a 
request f r o m the Somal ian na t i ona l p r o g r a m , we 
assisted in the establ ishment of a Chilo - rear ing 
fac i l i t y a t the B o n k a D r y l a n d A g r i c u l t u r a l Re­
search S t a t i o n , and in t r a i n i n g na t i ona l p r o g r a m 
staf f in screening f o r and eva lua t ion o f s tem 
borer resistance. 
S o u t h e r n A f r i c a 
L e a f Bl ight (Exserohilum turcicum) 
i n Z a m b i a and Z i m b a b w e 
Resistance screening was conducted in co l labo­
r a t i o n w i t h the Z a m b i a and Z i m b a b w e N A R S 
and the U S A 1 D T i t le X I I Co l l abo ra t i ve Re­
search S u p p o r t P r o g r a m on S o r g h u m and Pear l 
M i l l e t ( I N T S O R M I L ) , a t Go lden Va l ley ( Z a m ­
bia) and Henderson ( Z i m b a b w e ) Research Sta­
t ions . A f t e r one i nocu la t i on w i t h 1-year-old 
powder of leaf b l ight - in fected leaves, appl ied at 
s tem e longa t i on , the c o n t r o l var ie ty , F r a m i d a , 
had 6 0 - 9 0 % severities. H i g h l y resistant entr ies 
(severit ies be low 1%) were SC 9 ( IS 12526), SC 
147 ( IS 12527), SC 167 ( IS 12658C), SC 322 ( IS 
6882C), and SC 326-6 ( IS 2462 der.) . M a n y 
entr ies w i t h SC 326-6 as a male or female parent , 
i n c l u d i n g F3s, had h igh levels of resistance at 
Henderson . 
W i t c h weed (Striga) in Tanzania 
Three species of Striga at tack cereals in Tanza­
n ia . S. hermonthica is most c o m m o n in the 
n o r t h e r n ha l f o f the coun t r y and parasit izes 
s o r g h u m and maize. S. asiatica ( red) and S. 
forbesii occur more c o m m o n l y in the southern 
ha l f and cent ra l areas of the coun t r y and also 
at tack so rghum and maize. A t the U k i r i g u r u 
l oca t i on and other areas in the n o r t h , al l three 
species were f o u n d parasi t iz ing sorghum and 
damag ing i t . In the Serengeti p la ins, 5. hermon-
thica was f o u n d damag ing f inger mi l le t in f a r m -
ers' f ields. 
In a j o i n t resistance screening t r i a l w i t h the 
na t i ona l p r o g r a m at U k i r i g u r u , we tested 80 
l ines i n c l u d i n g three resistant l ines f r o m the 
S A D C C / I C R I S A T p rog ram, some other Striga-
resistant l ines ( S A R 16, S A R 19, S A R 23, S A R 
29, S A R 33, and S A R 35) prev iously f ound 
resistant to S. asiatica ( red) and S. forbesii in 
Z i m b a b w e and Botswana, and the i r hybr ids 
evo lved f r o m ou r bes t -combin ing male steriles. 
T h e susceptible var ie ty C K 6 0 B was used as a 
c o n t r o l . Observat ions showed tha t S A R 29 and 
its h y b r i d w i t h S P L 3 8 A may be resistant to 
S. hermonthica since they had an average of 
on ly f ive Striga p lants per p lo t f o r S A R 29 and 11 
f o r the h y b r i d , compared w i t h the exper imenta l 
average of 55 plants and con t ro l average of 243 
Striga p lants per p lo t . In the test p lo ts , Striga 
i n fes ta t ion was fa i r l y u n i f o r m w i t h Striga p lants 
per rep l i ca t ion rang ing f r o m 25 to 103 and 
Striga counts in c o n t r o l p lo ts rang ing f r o m 182 
t o 3 0 4 p l a n t s . 
A r m o r e d Cricket (Acanthoplus speiseri) 
in Z a m b i a 
I n co l l abo ra t i on w i t h the M o u n t M a k u l u Re-
search S ta t i on ( Z a m b i a ) , a pro ject on the ar-
mored cr icket , w h i c h is a serious p rob lem in 
Z a m b i a , Z i m b a b w e , and Botswana, was devel­
oped in order to study the n y m p h a l develop­
ment , m i g r a t i o n and egg- lay ing behav ior , and to 
test d i f ferent con t ro l methods. Exper iments were 
conduc ted a t L u s i t u ; the m a j o r f ind ings were: 
t ha t I C S V 112, a n I C R I S A T - b r e d s o r g h u m 
var ie ty , p roduced the highest mean gra in y ie ld 
(5.5 t h a 1 , SE ±0.275) i n E E S Y T L o w l a n d . In 
E E S Y T In te rmed ia te , Seredo con t r ibu ted by 
N A R S Uganda , p roduced the highest mean 
g ra i n y ie ld (3.1 t ha" 1 , SE ±0.186). Var iet ies 
5 DX 160, K A T / 8 3 3 6 9 , CR:35 :5 , F r a m i d a , and 
D i n k m a s h i n the E E S Y T L o w l a n d , and 4 M X 
1 1 / 9 / 2 , IS 8193, 3 ZX 3 7 9 / 2 , and IS 9302 in the 
E E S Y T In te rmed ia te e levat ion were the o ther 
h igh -y ie ld ing entr ies. 
38 Sorghum 
f i rs t ins tar n y m p h s hatch d u r i n g the f i rs t week o f 
Feb rua ry in fa l l owed f ie lds and develop over f ive 
n y m p h a l stages i n to adul ts in abou t 30 -40 days; 
n y m p h a l deve lopment depends u p o n feeding on 
the deve lop ing g ra in of grasses such as Brachia-
ria dura; leaf- feeding on leaves of grasses or 
cereal crops is rare; m i g r a t i o n to so rghum, 
m i l l e t , or maize f ields takes place d u r i n g the last 
n y m p h a l and adu l t stage when grass seed is 
ma tu re (unsu i tab le as f o o d f o r the cr icket ) and 
when cereal crops are in the g ra i n - f i l l i ng stage; 
egg pods are la id in shady places under trees or 
w i t h i n the c rop r o w , ear ly p l o w i n g destroys egg 
pods , and clean-weeded f ields are no t a t t rac t ive 
to the cr icket d u r i n g the vegetat ive g r o w t h stage 
of the c rops . A 20 cm x 25 cm t rench t reated w i t h 
Sevin® powder a round the exper imenta l area 
prevented m i g r a t i n g cr ickets f r o m enter ing the 
f i e ld . In the insecticide c o n t r o l exper iments in 
w h i c h t w o sprays were app l ied a t 7 -day in te r ­
vals, Sevin® and Fastac® p roved to be mos t 
effect ive ( 9 0 % mor ta l i t y ) . 
S A D C C Regional Yield Trials 
T w o Regional So rghum Advanced Var iety Tr ia ls 
( R S A V T - 1 and R S A V T - 2 ) and t w o S A D C C 
S o r g h u m H y b r i d T r i a l s — S A D C C Advanced 
H y b r i d T r i a l ( S D A H T ) and S A D C C El i te H y ­
b r i d T r i a l ( S D E H T ) were evaluated a t several 
loca t ions in the S A D C C reg ion . O u t o f the 23 
wh i te var iet ies tested in R S A V T - 1 a t f o u r loca­
t i ons , in Bo tswana and Z i m b a b w e , the three 
Table 12. Performance of six selected sorghum varieties f rom the Regional Sorghum Advanced Variety 
Tr ia l -2 ( R S A V T - 2 ) , at five locations in three S A D C C countries1, rainy seasons 1987/88 and 1988/89 . 
Entry 
SDS 3472 
Z A M 1518 
L A R S V Y T 19 
SDS 1710-1 
SDS 1948-3 
SDS 3487 
Controls 
Serena 
Framida 
PNR8544(H) 
D C 75(H) 
SE 
Tr ia l mean 
(10 entries) 
CV (%) 
1988/89 
Grain yield2 
(t ha-1) 
3.05 (1)4 
2.50 (5) 
2.40 (7) 
2.16(9) 
2.15(8) 
1.76(10) 
2.70 (4) 
2.46 (6) 
3.03 (2) 
2.75 (3) 
±0.142 
2.51 
24 
No. of locations3 
Top 
20% 
5 
2 
1 
1 
0 
0 
2 
2 
3 
1 
Bottom 
20% 
0 
2 
2 
3 
1 
4 
0 
2 
0 
0 
±0.137 
2.72 
(16 entries) 
36 
1987/88 
Grain yield2 
(t ha-') 
3.59(1) 
3.07(2) 
3.25 (3) 
2.53 (7) 
3.75 (4) 
2.63 (6) 
2.96(5) 
No. of locations3 
Top Bottom 
20% 20% 
1 0 
2 0 
2 0 
1 0 
2 0 
0 0 
0 0 
1. Cooperat ing countries : Tanzania, Zambia, and Zimbabwe. 
2. 1988/89 means based on five locations, 1987/88 means based on two locations. 
3. Number of locations in which entry ranked in the top 20% and in the bot tom 20%. 
4. Ranks of means wi th in season are given in parentheses. 
Sorghum 39 
advanced variet ies IS 23586-2 ( S D S 2337-2) 
(4.11 t ha - 1 ) , IS 23496-1 ( S D S 2393-1) (4.01 t 
h a - ' ) , and MP 623 (3 .931 ha - 1 ) y ie lded h igher on 
average t han con t ro l hyb r i d DC 75 (3.90 t ha - 1 ; 
SE ± 0.21). In the R S A V T - 2 , a t f ive locat ions in 
Tanzan ia , Z a m b i a , and Z i m b a b w e , the best red 
var ie ty S D S 3472 ( S E P O N 77 B U L K selection) 
y ie lded as we l l as the con t ro l h y b r i d P N R 8544, 
and better t h a n DC 75 and the o ther t w o c o n t r o l 
var iet ies Serena and F r a m i d a , when averaged 
across f ive locat ions in the 1988/89 season 
(Tab le 12). In the test season of 1987/88, the 
same var ie ty , S D S 3472, had the highest y ie ld 
w h e n averaged across t w o locat ions i n Z i m ­
babwe. Th is var ie ty was also h igh ly adaptable, 
r a n k i n g in the t op 2 0 % in six o f the seven loca­
t ions over the t w o seasons. Var ie ty Z a m 1518 
was the next best y ie lder when yields were aver­
aged over the t w o seasons and across the seven 
loca t ions i n Tanzan ia , Z a m b i a , and Z i m b a b w e 
(Tab le 12). 
The S A D C C Advanced Hyb r i d Tr ia l ( S D A H T ) 
consisted of 23 advanced hybr ids evaluated at 
nine locat ions in Bo tswana, Swaz i l and , Tanza­
n ia , Z a m b i a , and Z i m b a b w e . These locat ions do 
not inc lude one in Lesotho that had ext remely 
l ow yields due to poor stands. T w o commerc ia l 
hyb r ids , P N R 8311 and P N R 8544, were used as 
controls. Table 13 shows that nine of the S A D C C / 
I C R 1 S A T hybr ids ( S D S H ) (4-4.5 t ha - 1 ) ou t -
y ie lded , on average, the t w o commerc ia l hyb r i d 
cont ro ls (3.52 and 3.73 t ha - 1 ) . The best of the 
advanced hybr ids were S D S H 4 , S D S H 48, 
S D S H 47, S D S H 2 , S D S H 38, and S D S H 3 . 
E n t r y S D S H 49 (red g ra in ) , t h o u g h n i n t h i n 
overa l l rank among selected hybr ids , was best 
f o r p lant type and seed qua l i ty . 
E i gh teen e l i te h y b r i d s were eva lua ted i n 
S D E H T w i t h t w o commerc ia l con t ro l hybr ids 
P N R 8311 and P N R 8544 at f o u r locat ions in 
three countr ies (Bo tswana, Z a m b i a , and Z i m ­
babwe) . W i t h i n th is t r i a l three hybr ids were 
T a b l e 1 3 . P e r f o r m a n c e o f n i n e se lected s o r g h u m h y b r i d s f r o m t h e S A D C C S o r g h u m A d v a n c e H y b r i d 
T r i a l ( S D A H T ) a t n i n e l o c a t i o n s i n s ix S A D C C c o u n t r i e s , r a i n y season 1 9 8 8 / 8 9 . 
E n t r y 
S D S H 4 
S D S H 4 8 
S D S H 4 7 
S D S H 2 
S D S H 3 8 
S D S H 3 
S D S H 7 4 
S D S H 8 
S D S H 4 9 
C o n t r o l s 
P N R 8311 
P N R 8544 
S E 
T r i a l m e a n 
(23 ent r ies) 
C V (%) 
L o c a t i o n 1 , g r a i n y ie ld ( t ha - 1 ) , and r a n k 2 
P D 
6.66(3) 
5.66(4) 
6.80(2) 
7.34(1) 
5.64(5) 
3.92(9) 
4.52(8) 
4.68(7) 
4.93(6) 
4.96(11) 
3.69(20) 
±1.354 
4.97 
27 
S B 
2.61(7) 
3.03(4) 
2.02(8) 
1.85(9) 
2.66(6) 
4.28(1) 
2.67(5) 
3.34(2) 
3.29(3) 
1.72(24) 
2.34(14) 
±0.877 
2.57 
34 
M T 
7.02(3) 
7.12(2) 
6.42(8) 
6.56(5) 
7.52(1) 
6.37(9) 
6.06(8) 
5.94(9) 
6.52(6) 
6.98(4) 
6.48(7) 
±0.980 
5.39 
18 
M Z G W H B I L G V 
6.25(1) 2.24(9) 5.32(4) 2.54(11) 3.07(3) 
5.56(3) 2.93(6) 4.43(8) 4.68(2) 2.41(7) 
5.85(2) 1.94(10) 5.37(3) 7.81(1) 2.27(8) 
5.25(5) 2.53(8) 5.39(2) 3.19(4) 2.75(5) 
3.87(9) 3.71(2) 4.32(9) 2.93(9) 3.42(1) 
4.73(8) 2.95(5) 5.72(1) 3.08(5) 3.35(2) 
5.40(4) 3.34(4) 5.19(5) 3.04(7) 2.55(6) 
4.85(6) 2.80(7) 4.87(6) 2.90(10) 3.01(4) 
4.77(7) 3.50(2) 4.85(7) 3.29(3) 1.45(15) 
4.33(11) 4.01(1) 3.33(22) 3.08(6) 2.23(9) 
4.46(10) 1.84(18) 4.07(17) 3.02(8) 2.22(10) 
±0.718 ±0.629 ±0.927 ±0.503 ±0.413 
4.10 2.33 4.36 2.67 1.84 
17 27 21 18 22 
M L M e a n 
4.73(1) 4.50(1) 
4.46(3) 4.41(2) 
4.62(2) 4.34(3) 
3.87(6) 4.30(4) 
3.91(5) 4.22(5) 
3.60(8) 4.22(6) 
4.08(4) 4.09(7) 
3.65(7) 4.00(8) 
3.40(10) 4.00(9) 
2.99(13) 3.73(10) 
3.54(9) 3.52(14) 
±0.660 ±0.196 
3.18 3.50 
20 
1 . P D = P a n d a m a t e n g a a n d S B - S e b e l e , B o t s w a n a ; M T = M a t o p o s , M Z = M z a r a b a n i , a n d G W = G w e b i , Z i m b a b w e ; 
H B = H u m b o l o a n d I L = I l o n g a , T a n z a n i a ; G V = G o l d e n V a l l e y , Z a m b i a ; a n d M L = M a l k e r n s , S w a z i l a n d . 
2 . R a n k s a re i n p a r e n t h e s e s . 
40 Sorghum 
submi t ted f r o m the Z i m b a b w e and f o u r f r o m the 
Z a m b i a na t i ona l p rograms. The other 11 hybr ids 
were ones developed by the I C R I S A T p r o g r a m 
at M a t o p o s . T h e best el i te hyb r ids based on 
average per fo rmance were S D S H 38 (5.211 ha - 1 ) 
and S D S H 4 8 (5.08 t ha - 1 ) , b o t h f r o m the I C R I -
S A T p r o g r a m , A T x 623 x SV1 (5.04 t ha - 1 ) f r o m 
Z i m b a b w e , and M M S H 375 (4.68 t ha - 1 ) f r o m 
Z a m b i a ; the yields o f the con t ro l s , P N R 8544 
and P N R 8 3 1 1 , were 3.22 t ha - 1 and 2.89 t ha - 1 . 
Forage Sorghum Mul t i l oca t iona l T r i a l 
E igh t y -one forage s o r g h u m , 90 sudan grass, and 
49 s o r g h u m B-l ines were evaluated in Z i m ­
babwe, Swaz i l and , Z a m b i a , and M a l a w i . Based 
on mean yields across loca t ions , the f o l l o w i n g 
entr ies were selected fo r retest ing: S D F S s 103, 
33, 32, 96, 86, 8 1 , 75, 36, 85, 35, 70, 149, 1097, 
1047, 1033, 1059, 1083, 1087, 1043, 1041, and 
1030. 
Latin America 
Regiona l T r i a l o f Photoperiod-sensit ive 
Sorghums for In tercropping 
At G u a y m a n g o , E l Sa l vado r , the best entr ies i n 
the 1988 reg iona l advanced t r i a l were 86 S L T -
1377 (g ra in y ie ld of 2.30 t ha - 1 ) , ES 727 (2.29 t 
ha - 1 ) , 86-SCP-805 (2.21 t ha - 1 ) , and 86 SCP-311 
(2.14 t h a 1 ) (SE ±0.239), compared w i t h 2.08 t 
h a - 1 f o r the landrace c o n t r o l M a n z a n o I . No 
s ign i f icant dif ferences were no ted in g ra in yields 
o f the maize h y b r i d H-5 tha t was g r o w n in asso­
c i a t i on w i t h each o f the s o r g h u m entries in th is 
t r i a l . However , associated maize yields f o r the 10 
h ighest -y ie ld ing so rghum entries were below the 
t r i a l mean of 1.74 t ha - 1 (SE ±0.201) of maize. 
Mesoamer ican Sorghum Var iety Y ie ld 
Tr ia l -1988 ( M A S V Y T - 8 8 ) 
T h i s t r i a l consisted o f 19 test and t w o c o n t r o l 
entr ies. Results f r o m seven sites are presented in 
Tab le 14. At the on l y i r r i ga ted site a t Los 
M o c h i s , M e x i c o , the h i g h e s t - y i e l d i n g e n t r y 
1 C S V - L M 86523 (11.54 t h a - 1 ; SE ±0.511) was 
2.08-m ta l l (SE ±0.0825) and t o o k 84 days (SE 
±0.918) to f l ower . Th is var ie ty also ou ty ie lded a l l 
others in Panama. U n d e r severe d r o u g h t stress 
at C u y u t a , Gua tema la , M-90946 yie lded highest 
w i t h on l y 1.49 t ha"1 ( S E ±0.170) and a p l an t 
height of 0.76 m (SE ± 0.0415). 
Across the seven loca t ions , I C S V 112 had the 
highest mean y ie ld of 5.65 t ha - 1 (SE ± 0.175) and 
responded we l l at a l l test sites. Howeve r , s tab i l ­
i t y analyses ind ica ted tha t M-82080-5 (5.48 t 
h a - ' , Bi = 1.0486, s2d = 0.19283, P <0 .05 ) and 
M-81996-3 (5.45 t ha - 1 , Bi = 1.2271, s2d = 
0.09103, P <0 .05 ) were the h ighest -y ie ld ing 
entries hav ing stable per fo rmance across sites. 
Mesoamer ican H y b r i d Y ie ld Tr ia l -1988 
( M H Y T - 8 8 ) 
T h i s t r i a l consisted o f 26 test and t w o c o n t r o l 
entr ies. Across the 11 repo r t i ng locat ions (Tab le 
15), 1 C S H - L M 88503 y ie lded highest w i t h 6.49 t 
h a - 1 and a range of 4 .66-11.14 t ha - 1 , the h igher 
value be ing under i r r iga ted cond i t ions . 
Seed E x c h a n g e 
I C R I S A T Center 
A t o t a l of 3294 seed samples of ou r i m p r o v e d 
var iet ies, hyb r ids , parents of hybr ids , and resis­
tan t sources was suppl ied to the f o l l o w i n g c o u n ­
tr ies: C h a d ( 6 ) , C o t e d ' I v o i r e ( 1 4 ) , E t h i o p i a (67), 
Grenada (24), I nd i a (2341), I r a n (280), I t a l y (4) , 
M a l i (321), M e x i c o (37) , N iger (47), O m a n (6) , 
Pak is tan (29) , the Ph i l i pp ines (54), T h a i l a n d (2) , 
U K (8) , U S A (1), V i e t n a m (5) , and Z i m b a b w e 
(48). 
W e s t A f r i c a ( M a l i ) 
In response to seed requests, we p rov ided 327 
T a b l e 1 4 . M e a n g r a i n y i e l d ( t h a 1 ) o f t h e h i g h e s t - y i e l d i n g en t r ies i n t h e 1 9 8 8 M e s o a m e r i c a n S o r g h u m 
V a r i e t y Y i e l d T r i a l 1 ( M A S V Y T 8 8 ) across seven r e p o r t i n g l o c a t i o n s . 
E n t r y 
I C S V 112 
M-82080-5 
M-81966 -3 
I C S V - L M 
86523 
I C S V - L M 
86502 
I C S V - L M 
86551 
C o n t r o l s 
P P - 2 9 0 
L o c a l 
S E 
T r i a l m e a n 
C V (%) 
L o c a t i o n 2 a n d m e a n g r a i n y ie ld ( t ha - 1 ) 
I b o p e r e n d a 
( B o l i v i a ) 
7.24 
7.03 
8.80 
7.06 
7.58 
6.82 
6.33 
3.74 
±0.427 
7.04 
10 
S a n A n d r e s 
( E l S a l v a d o r ) 
5.30 
5.81 
4.40 
2.74 
3.79 
4.14 
4.43 
5.03 
±0.487 
4.41 
19 
C u y u t a 
( G u a t e m a l a ) 
0.75 
0.95 
0.86 
1.47 
0.86 
0.75 
0.54 
0.96 
±0.170 
0.83 
36 
L o s M o c h i s l sabe la 
( M e x i c o ) T l a l t i z a p a n A l a n j e ( P u e r t o 
( i r r i ga ted ) ( M e x i c o ) ( P a n a m a ) R i c o ) 
8.77 4.22 5.68 7.56 
8.74 4.34 4.81 6.68 
9.31 4.73 4.88 5.17 
11.54 3.06 4.96 6.76 
11.28 4.37 4 .08 5.00 
10.00 4.81 5.05 4.98 
5.32 4.37 44.41 4.45 
7.48 4.50 5.05 5.03 
±0.511 ±0.438 ±0.329 ±0.696 
7.95 4.07 4.46 5.27 
11 19 13 23 
M e a n 
5.65 
5.48 
5.45 
5.37 
5.28 
5.22 
4.26 
4.54 
±0.175 
4.86 
16 
1 . R a n d o m i z e d - c o m p l e t e b l o c k w i t h t h r e e r e p l i c a t i o n s . 
2 . L o c a t i o n : I b o p e r e n d a = 19° 5 2 ' S , 117 m ; S a n A n d r e s = 13° 4 9 ' N , 4 6 4 m ; C u y u t a = 14° N , 4 0 m ; L o s M o c h i s = 2 6 ° N , 4 0 m ; 
T l a l t i z a p a n = 19° N , 9 6 0 m ; A l a n j e = 7 ° 57 'N , 30 m ; l s a b e l a = 18° 3 0 ' N , 128 m . 
Sorghum 41 
seed samples of ou r i m p r o v e d var iet ies, breeding 
l ines, and resistant sources to 12 countr ies: 
A r g e n t i n a (38), B u r k i n a Faso (3), B u r u n d i (6), 
Co te d ' l v o i r e (2) , G h a n a (1) , I n d i a (10), K e n y a 
(38), L i be r i a (38), M a l i (2) , N ige r ia (141), U S A 
(11), and Z i m b a b w e (38). 
In response to requests f r o m the na t iona l p r o ­
grams in Ghana , T o g o , and C a m e r o o n , we supp­
l ied them w i t h bu l k seed samples of a wh i te -g ra in 
m u t a n t var ie ty o f F r a m i d a . W e con t r i bu ted 
seeds o f f o u r ea r l y -ma tu r i ng variet ies ( I C S V 
111 , I C S V 247, I C S V 400, and I C S V 401) to 
state so rg hum tr ia ls organized by I A R in the 
n o r t h e r n reg ion o f N iger ia . We suppl ied seeds o f 
the same variet ies to the F o o d and Ag r i cu l t u re 
O rgan i za t i on o f the U n i t e d Na t ions ( F A O ) / 
United Nations Development Programme ( U N D P ) / 
A g r i c u l t u r a l Project in C h a d . Seed samples of 14 
selected A - , B-, and R-l ines, and elite variet ies 
were suppl ied to the Ins t i t u t na t i ona l de re-
cherches agronomiques du Niger ( I N R A N ) , 
N iger . Seeds of selected A- and B-lines were also 
supp l ied t o I A R , N iger ia . I n a d d i t i o n , we d is ­
t r i b u t e d seeds of a dozen el i te var iet ies to brew­
ing , seed, and f o o d companies in Niger ia . 
W e s t A f r i c a ( N i g e r i a ) 
42 Sorghum 
T a b l e 1 5 . M e a n g r a i n y i e l d ( t h a - 1 ) o f h i g h e s t - y i e l d i n g en t r i es i n t h e 1 9 8 8 M e s o a m e r i c a n H y b r i d Y i e l d 
T r i a l 1 ( M H Y T - 8 8 ) a t 1 1 l o c a t i o n s i n L a t i n A m e r i c a . 
Entry 
I C S H - L M 88503 
I C S H - L M 88506 
I C S H - L M 88508 
I C S H - L M 88510 
I C S H - L M 88519 
I C S H - L M 88501 
Cont ro l 
Local cont ro l 
SE 
Pedigree 
A T x 623 x 
CS-3541 crosses-31 
1 C S A 1 x ES-87 R 
A T x 623 x R T x 433 
l C S A 12 x V G - 7 9 
A T x 623 x R T x 434 
A T x 629 x 
C S - 3 5 4 1 crosses-31 
A T x 378 x R T x 430 
T r ia l mean (28 entries) 
CV (%) 
L o c a t i o n 2 
1 
9.11 
8.48 
9.19 
9.41 
6.91 
9.63 
9.02 
5.80 
±0.51 
8.17 
12 
2 
7.41 
2.59 
5.96 
5.68 
6.06 
4.86 
2.52 
5.16 
±0.55 : 
4 .05 
27 
3 
5.80 
5.82 
5.88 
4.87 
5.21 
5.72 
4.89 
4.53 
±0.40 
4.79 
17 
4 
5.05 
4.98 
3.48 
3.27 
2.88 
4.31 
3.11 
3.85 
±0.69 
3.53 
39 
5 
5.14 
4.89 
5.28 
4.89 
5.12 
4.98 
3.94 
3.66 
±0.36 
4.68 
15 
6 7 
4.66 11.14 
5.75 10.59 
5.13 11.14 
4.81 11.19 
3.98 13.15 
4.53 9.88 
4.78 11.51 
6.67 8.39 
±0.34 ±0.81 
4.55 10.01 
15 16 
8 
5.28 
5.87 
5.03 
6.54 
5.21 
5.18 
5.72 
4.86 
±0.41 
5.21 
16 
9 
4.80 
6.59 
4.61 
3.97 
5.76 
3.77 
3.33 
4.54 
±0.42 
4 .31 
19 
10 
6.70 
6.44 
5.63 
5.11 
5.28 
5.88 
4.64 
4.53 
±0.59 
5.35 
22 
11 M e a n 
6.31 6.49 
6.70 6.25 
3.98 5.94 
4.55 5.84 
4.14 5.79 
4.96 5.79 
4.59 5.26 
4.54 5.14 
±0.83 ±0.17 
4.61 5.39 
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1 . R a n d o m i z e d c o m p l e t e b l o c k w i t h f o u r r e p l i c a t i o n s . 
2 . L o c a t i o n : 1 - I b o p e r e n d a , B o l i v i a ; 2 = C a n a s , C o s t a R i c a ; 3 = S a n t i a g o , D o m i n i c a n R e p u b l i c ; 4 = S a n A n d r e s , E l S a l v a d o r ; 5 = 
J u t i a p a , G u a t e m a l a ; 6 = C o m a y a g u a , H o n d u r a s ; 7 = L o s M o c h i s , M e x i c o ( i r r i g a t e d ) ; 8 = T l a l t i z a p a n , M e x i c o ; 9 = S a n 
C r i s t o b a l , N i c a r a g u a ; 10 = A l a n j e , P a n a m a ; 11 = I s a b e l a , P u e r t o R i c o . 
East A f r i c a 
We p rov ided seeds of b reed ing l ines, var iet ies, 
h y b r i d s , and paren ta l l ines to coopera tors in 
K e n y a (403), E t h i o p i a (141), Uganda (97), T a n ­
zania (82), B u r u n d i (77), R w a n d a (70), and 
Soma l i a (25). 
S o u t h e r n A f r i c a 
We sent advanced breed ing l ines to Z a m b i a 
(1600), M a l a w i (900), M o z a m b i q u e (500), and 
Bo tswana (200); hyb r i d parents to Z a m b i a (2) 
and Bo tswana (9); we also sent to Bo tswana, new 
var iet ies (6 S D S L l ines), hyb r ids (16), and seeds 
of F 1 crosses f r o m count ry -c ross ing b lock . We 
supp l ied to E A R C A L seeds o f three sets o f 
S A D C C / I C R I S A T regional co l labora t ive t r ia ls , 
f i ve Striga-resistant var iet ies, three r a n d o m -
m a t i n g popu la t i ons , 20 hyb r i ds , and 20 new var -
iet ies. We also supp l ied 20 s o r g h u m hyb r ids to 
W A S I P , K a n o (N iger ia ) , and 15 Chinese col lec­
t ions f r o m ou r p r o g r a m to T o c h i g i i n Japan . 
We received seed samples f o r i nc lus ion in n ine 
S A D C C reg ional co l labora t i ve t r ia ls f r o m B o t ­
swana (3) , Swaz i land (4) , Tanzan ia (5) , Z a m b i a 
(31), and Z i m b a b w e (15). 
L a t i n A m e r i c a 
In response to requests, we p rov ided seed sam­
ples of so rghum popu la t ions , breeding l ines, v a r i ­
eties, hyb r i ds , and h y b r i d paren ta l l ines to the 
f o l l o w i n g count r ies : A r g e n t i n a (3) , Bo l i v i a (10), 
B raz i l (91), C a m e r o o n (19), Canada (2) , People's 
Repub l i c o f C h i n a (21), C o l o m b i a (169), Costa 
R ica (15), E l Sa lvador (93), Guatemala (79), 
H o n d u r a s (18), I n d i a (54), Jama ica (4) , Kenya 
(288) , M o r o c c o (18), P a n a m a (7) , U K (37) , U S A 
(400), and Venezuela (64). 
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I C R I S A T C u l t i v a r s Re leased 
I n d i a 
T w o I C R I S A T midge-resistant var iet ies, I C S V 
743 and I C S V 745, were adopted by the De-
p a r t m e n t o f A g r i c u l t u r e , K a r n a t a k a state, f o r 
d i s t r i b u t i o n to farmers in midge-endemic areas. 
P u b l i c a t i o n s 
I n s t i t u t e P u b l i c a t i o n s 
W o r k s h o p a n d S y m p o s i a P r o c e e d i n g 
I C R I S A T ( I n t e rna t i ona l C rops Research I n s t i ­
tu te f o r the S e m i - A r i d T rop ics ) . 1989. I n te rna ­
t i o n a l W o r k s h o p on S o r g h u m Stem Borers , 17-
20 N o v 1987, I C R I S A T Center, I nd ia . Pa tan -
che ru , A . P . 502324, I n d i a : I C R I S A T . 192 pp . 
I S B N 92-9066-145-3. ( C P E 054) 
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As a par t of the Inst i tu te 's p repara t i on fo r the 
Ex te rna l P r o g r a m Review ( E P R ) to be held in 
1990, I C R I S A T ' s mi l le t scientists have put c o n ­
siderable e f fo r t i n to p repar ing a strategic p lan 
f o r mi l le t research f o r the years 1990-1995. 
A c c o r d i n g to th is p lan , each o f the three p ro ­
grams a t I C R I S A T Center, I C R I S A T Sahel ian 
Center ( I S C ) , and the Sou thern A f r i c a n Deve l ­
opment C o o r d i n a t i o n Conference ( S A D C C ) Re­
g iona l P r o g r a m , w i l l con t inue to serve as a 
reg iona l center f o r mi l le t improvemen t in the 
area in w h i c h i t is located, and w i l l also assume 
one o r more add i t i ona l responsibi l i t ies f o r I C R I ­
S A T ' s g loba l e f for t on pearl mi l le t . I C R I S A T 
Center w i l l assume ma jo r respons ib i l i t y f o r s t ra­
tegic and basic research, because of its larger 
resources and the fact tha t i t has m u c h less need 
to car ry out appl ied research in its region than do 
e i ther o f the A f r i c a n P rog rams . I S C w i l l devote 
special e f for ts to w o r k w i t h the newly f o rmed 
West A f r i c a n M i l l e t N e t w o r k in order to assist 
n a t i o n a l p rog rams in the reg ion to bu i l d the 
capac i ty to p roduce the i r o w n techno logy. The 
S A D C C p r o g r a m w i l l assume responsib i l i ty f o r 
research on a l ternat ive uses f o r mi l le t as f o o d , 
feed, and indus t r ia l raw mate r ia l , and fo r breed­
ing forage variet ies of mi l le t and related species. 
We have also made considerable progress in 
establ ish ing research pr io r i t ies fo r the reg ional 
responsib i l i t ies of each center. In the case of the 
S A D C C P r o g r a m , the pr io r i t ies are: breeding 
new pear l mi l le t and f inger mi l le t cu l t ivars f o r 
d i rect h u m a n use, and the development of cu l ­
t i vars f o r a l ternat ive uses f o r the c rop , since 
f u tu re increases in mi l le t p r o d u c t i o n in the 
S A D C C reg ion w i l l depend o n expand ing mar ­
kets f o r m i l l e t . In a d d i t i o n , scientists in the 
reg ion have emphasized the need fo r new cereal 
species and variet ies f o r fodder p r o d u c t i o n to 
suppor t improvements i n an ima l p r o d u c t i o n . 
E f fo r t s w i l l be increased in th is area, as a number 
of i n t r oduc t i ons of Pennisetum species l ook 
p r o m i s i n g in var ious countr ies in the reg ion. 
I C R I S A T Sahel ian Center w i l l cont inue its 
long te rm p rog ram of broadening the genetic 
base of breeding mater ia ls avai lable fo r use in 
the reg ion , t h rough the in tegrat ion of screening 
techniques fo r seedling establ ishment, d rough t 
to lerance, resistance to d o w n y mi ldew ( D M ) , 
stem borer , and head caterp i l lar in to the breed­
ing p r o g r a m , to comb ine resistance to these 
p rob lems w i t h g ra in y ie ld potent ia l and g ra in 
qua l i t y . Because West A f r i c a is the center of 
o r i g i n of bo th pearl mi l le t and its host of pa tho­
gens and parasites, as wel l as hav ing a harsh 
phys ica l env i ronmen t , progress on this object ive 
w i l l be inc rementa l and not d ramat i c , and a long 
t e r m , concerted ef for t is necessary. In add i t i on , 
the respons ib i l i t y f o r assisting the West A f r i c a n 
Reg iona l M i l l e t Ne two rk w i l l demand resources 
and t ime f r o m the I S C Pearl M i l l e t Imp rove ­
ment P r o g r a m and can also be expected to be a 
l ong te rm e f fo r t , because of the large element of 
h u m a n resource development invo lved . 
The reg iona l research pr io r i t ies fo r the I C R I ­
S A T Center M i l l e t P rog ram w i l l change most o f 
the pr io r i t ies of the three centers, because of 
changes in the percept ion o f h o w I C R I S A T can 
best suppor t the Ind ian Na t i ona l P rog ram, and 
because of the reduc t ion in the size of the I C R I ­
S A T Center p r o g r a m w i t h the con t i nu ing t rans­
fer o f resources f r o m As ia to A f r i c a . The p r o ­
g r a m at I C R I S A T Center is great ly reduc ing its 
ef for ts in p roduc ing variet ies and hybr ids fo r 
na t i ona l test ing in order to concentrate on the 
p r o d u c t i o n of hyb r i d parents, and on breeding 
mater ia l specif ical ly fo r the m a r g i n a l / a r i d areas 
in S o u t h As ia where pear l m i l l e t is l i ke ly to be 
more and more concentrated in the fu ture . The 
h y b r i d parent breeding e f for t w i l l inc lude new 
mater ia ls such as F1 male-steri le lines and top -
cross po l l inators to at tempt to improve the s tab i l ­
i t y / l o n g e v i t y o f D M resistance i n hybr ids . The 
breed ing e f fo r t f o r the a r id areas w i l l inc lude 
b o t h very sho r t -du ra t i on hybr ids fo r g ra in p ro ­
d u c t i o n , and in te rmed ia te -du ra t ion , dua l -pu r -
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Changes in ra in fa l l pa t te rn in Sahel ian A f r i c a 
d u r i n g the last t w o decades have increased the 
requ i rement f o r adap ta t ion to d rough t stress 
d u r i n g the f lower ing and g ra in - f i l l i ng per iod f o r 
new pear l m i l le t var iet ies. Th i s is due to b o t h a 
shor ter ra iny season and a reduced a m o u n t of 
ra in fa l l d u r i n g Augus t , when mo is tu re cus tom­
ar i ly accumulates in the so i l f o r use by the c rop 
f o r g ra in f i l l i ng . 
We conduc ted exper iments a t I S C d u r i n g the 
d ry seasons of 1988 and 1989: (1) to determine i f 
there were useful di f ferences a m o n g Sahel ian 
landraces and varieties in g ra in yield and d rough t 
to lerance under cond i t i ons o f stress d u r i n g f low­
er ing and g ra in f i l l i n g , and (2) to a t tempt to 
ident i fy c rop responses to stress tha t m igh t i n d i ­
cate to lerance or suscept ib i l i ty to stress. The 
exper iments compared the per fo rmance o f the 
t r i a l entr ies under a fu l l y i r r igated c o n t r o l t reat ­
ment and a stress t reatment in w h i c h i r r i ga t i on 
was given on ly u n t i l 5 0 % of the entr ies reached 
f l owe r i ng . 
There were s igni f icant dif ferences in g ra in 
y ie ld a m o n g entr ies in the stress t rea tment in 
each year (560 1360 kg ha ' 1 in 1988, and 9 7 0 -
1910 kg ha - 1 in 1989). We cor re la ted these d i f fe r ­
ences in g ra in y ie ld across entr ies to differences 
in y ie ld po ten t ia l ( i r r iga ted c o n t r o l t rea tment ) , 
d r o u g h t escape ( t ime to 5 0 % f lower ing) , and 
d r o u g h t to le rance/suscept ib i l i t y (d rough t res­
ponse i ndex , I C R I S A T A n n u a l Repor t 1982, 
pp . 65 -66 ) , to determine the relat ive impor tance 
of these three fac tors in y ie ld di f ferences under 
stress. Di f ferences in d rough t response index 
and t ime to 5 0 % f l o w e r i n g were s ign i f i can t l y 
corre lated to dif ferences in y ie ld under stress in 
bo th years (Table 1), ind ica t ing that bo th d rough t 
escape and d rough t to lerance/suscept ib i l i ty were 
invo lved in di f ferences in yields under stress. 
Y ie ld po ten t ia l was cor re la ted to y ie ld under 
stress on ly in one year. 
A deta i led harvest was done on a l l p lots to 
compa re g ra in y ie ld and the express ion o f va r ­
ious y ie ld components in the con t ro l and stressed 
t reatments . G r a i n yields in the con t ro l were 
more closely related to dif ferences in g ra in 
n u m b e r p roduced per panic le t h a n to ei ther p a n ­
icle n u m b e r or i nd i v i dua l g ra in mass whereas 
under stress, di f ferences in b o t h the number o f 
panic les p roduced and the i n d i v i d u a l g ra in mass 
Table 1. Correlations of grain yield under ter-
minal drought stress with yield and time to 5 0 % 
flowering in the control, drought response index, 
and yield components measured in the stress, 
I S C , Niger, dry seasons 1988 and 1989. 
Variable 
Yield (control) 
Time to 50% flowering 
(control) 
Drought response index 
Yield components (stress) 
Biomass 
Harvest index 
Panicle number 
Yield panicle-1 
Grains panicle-1 
Grain mass 
Threshing percentage 
Grain growth rate 
Grain growth duration 
Correlation to 
yield under stress1 
1988 
0.17 
- 0 . 6 1 * * * 
0.65*** 
0.33* 
0.87*** 
0.75*** 
0.87*** 
0 .51* * 
0.59*** 
0.72*** 
0.28 
0.73*** 
1989 
0.54** 
- 0 . 5 1 * * 
0.66*** 
0.33* 
0.69*** 
0 .51** 
0.87*** 
0 . 6 1 * * * 
0.53*** 
0.80*** 
0.35* 
0.45** 
1. n = 34 in each year. 
* Signif icantly different f rom 0 wi th P< 0.05; 
** Signif icantly different f rom 0 wi th P< 0.01; and 
* * * Signif icantly different f rom 0 wi th P <0.0001. 
pose var iet ies f o r f odder as we l l as g ra in p roduc ­
t i o n because pear l mi l le t stover is w ide ly used to 
feed an imals t h r o u g h the d r y season in these 
areas. 
Several research reports appear ing in the f o l ­
l o w i n g pages i l lus t ra te these new p r i o r i t y areas 
o f w o r k : d r o u g h t response o f Sahel ian mi l le ts , 
F1 male-ster i le l ines, and m i l l i n g and ma l t i ng 
qua l i t y o f m i l le t variet ies. 
P h y s i c a l Stresses 
Response to Drought in Sahelian 
Millets 
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were as closely related to y ie ld dif ferences as 
were di f ferences in g ra in n u m b e r per panic le 
(Tab le 1). Th is reflects the p r i m a r y effect of 
stress on the deve lopment of later t i l lers and on 
g ra in f i l l i n g , p lus genotype dif ferences in these 
t w o processes under stress. 
Several o f the y ie ld components measured in 
the stress t rea tment were very closely related to 
g ra in y ie ld and were thus of interest as po ten t ia l 
means of i den t i f y ing genotypes w i t h better adap­
t a t i o n to stress d u r i n g f lower ing and gra in f i l l ­
i ng . These inc luded harvest index , panicle n u m ­
ber , g r a i n y ie ld per pan i c l e , t h resh ing per ­
centage, and g ra in g r o w t h d u r a t i o n (Tab le 1). 
A d d i t i o n a l cor re la t ions were done w i t h these 
selected componen ts to determine i f they were 
pre fe ren t ia l l y re lated ei ther to d r o u g h t escape 
( i .e. , cor re la ted to t ime to 5 0 % f lower ing ) o r to 
d r o u g h t to lerance/suscept ib i l i t y ( i .e., corre lated 
to d r o u g h t response index ) , as g ra in yields have 
been shown to be in f luenced by b o t h factors. 
O u r m a i n interest was in componen ts related to 
d r o u g h t to lerance, as d rough t escape can be 
de te rmined d i rec t ly f r o m the re la t ionsh ip o f 
y ie ld and t ime to 5 0 % f l owe r i ng . Di f ferences 
a m o n g entries in harvest i ndex , g ra in g r o w t h 
d u r a t i o n , thresh ing percentage, and gra in mass 
were more closely corre lated to differences in 
t ime to 50% f lower ing than to d rough t response 
index (Tab le 2). Ear l y - f l ower ing (d rought escap­
ing) entr ies thus log ica l ly had a longer g r a i n -
f i l l i n g pe r i od , a larger g ra in mass, and conse­
quen t l y a h igher th resh ing percentage and har­
vest index. In contrast , differences in gra in 
numbe r and gra in yield per panicle were cor re­
lated to differences in d rough t response index , 
ra ther t han to differences in d rough t escape. 
Th is suggests that entries w i t h an ab i l i t y to m a i n ­
ta in g ra in numbers per panic le under stress were 
those rated as more d rough t to lerant . 
Because nei ther g ra in mass, nor g ra in g r o w t h 
ra te , no r g ra in g r o w t h d u r a t i o n was closely 
related to d rough t to lerance, the difference be­
tween to lerant and susceptible entries does not 
seem to be due to dif ferences in overa l l levels of 
assimi late supp ly d u r i n g the stress pe r iod . R a t h ­
er , the d i f f e rence i n m a i n t e n a n c e o f g r a i n 
numbers suggests dif ferences between resistant 
and susceptible types d u r i n g the late stages of 
ovary deve lopment a n d / o r the ear ly stages o f 
T a b l e 2 . C o r r e l a t i o n o f v a r i a b l e s r e l a t e d t o g r a i n y i e l d u n d e r d r o u g h t stress w i t h t i m e t o 5 0 % f l o w e r i n g 
( d r o u g h t escape ) a n d d r o u g h t response i n d e x ( d r o u g h t t o l e r a n c e / s u s c e p t i b i l i t y ) , I S C , N i g e r , d r y 
seasons 1 9 8 8 a n d 1 9 8 9 . 
V a r i a b l e re la ted t o 
y i e l d u n d e r stress 
Ha rves t i n d e x 
Pan ic le n u m b e r 
Y i e l d p a n i c l e - 1 
G r a i n s p a n i c l e - 1 
G r a i n mass 
T h r e s h i n g percentage 
G r a i n g r o w t h d u r a t i o n 
G r a i n g r o w t h rate 
C o r r e l a t i o n coe f f i c ien t 1 t o : 
F l o w e r i n g 
1988 
- 0 . 7 8 * * * 
- 0 . 5 5 * * * 
- 0 . 3 1 
0.04 
- 0 . 4 6 * * 
- 0 . 6 2 * * * 
- 0 . 6 2 * * 
- 0 . 3 6 * 
1989 
- 0 . 6 8 * * * 
- 0 . 5 9 * * * 
- 0 . 2 4 
0.12 
0 . 5 6 * * * 
0 . 6 0 * * * 
- 0 . 4 1 * 
- 0 . 3 5 * 
D r o u g h t i n d e x 
1988 1989 
0 . 3 9 * * 0.20 
0 . 5 1 * * 0.12 
0 . 5 6 * * * 0 . 7 3 * * * 
0 .42* 0 . 5 7 * * * 
0.29 0 .38* 
0 . 4 1 * 0 . 4 4 * * 
0 . 4 5 * * 0.19 
-0 .15 - 0 . 0 2 
1. n = 34 in e a c h y e a r . 
* S i g n i f i c a n t l y d i f f e r e n t f r o m 0 w i t h P<0 .05 ; 
* * S i g n i f i c a n t l y d i f f e r e n t f r o m 0 w i t h P<0.01; a n d 
* * * S i g n i f i c a n t l y d i f f e r e n t f r o m 0 w i t h P < 0 . 0 0 1 . 
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e m b r y o deve lopment , w h i c h result in l ower rates 
o f fa i lu re o f f lo re t deve lopment o r o f e m b r y o 
a b o r t i o n , b o t h resul t ing in better maintenance o f 
g ra in numbers under stress. Th is d i f ference 
cou ld be a result of d i f fe ren t ia l p a r t i t i o n i n g of 
assimilates to reproduct ive st ructures, as recent ly 
shown to occur in maize, o r to var ious o ther 
causes such as d i f fe ren t ia l abscisic acid accumu­
la t i on in the reproduc t ive structures. 
L i t e ra tu re on breeding fo r i m p r o v e d adapta­
t i o n to d rough t stress d u r i n g f l o w e r i n g and g ra in 
f i l l i ng suggests tha t the most ef f ic ient approach 
is concu r ren t select ion f o r the var ious fac tors 
re lated to h igher g ra in y ie ld under stress: an 
imp roved y ie ld po ten t ia l , ear l ier f l owe r i ng , and 
the expression under stress of t ra i ts that have 
been shown to be related to d r o u g h t to lerance. 
Select ion f o r imp roved y ie ld po ten t ia l and ear­
l ier f l o w e r i n g shou ld obv ious l y be done d u r i n g 
the n o r m a l ( ra iny ) season; select ion fo r d r o u g h t -
to lerant t ra i ts requires an env i r onmen t in w h i c h 
the occurrence of a f l o w e r i n g / g r a i n - f i l l i n g stress 
is p red ic tab le and s im i la r f r o m year to year. 
Sadore does not f u l f i l l th is requ i rement very 
w e l l ; wha t is needed is a very d r y , short-season 
l oca t i on in w h i c h stress before f l o w e r i n g can be 
avo ided by the use of i r r i g a t i o n , b u t is a lmos t 
cer ta in at the end of the season. An a l te rnat ive is 
to use the d r y season as in these exper iments , but 
this requires demons t ra t i ng tha t the expression 
of the t ra i t used as a select ion c r i te r ion is no t 
affected by genotype x season in te rac t ion . The 
next stage in the w o r k at I S C w i l l be to iden t i f y a 
ra iny-season loca t ion fo r select ion fo r expres­
s ion of y ie ld components related to stress to ler­
ance a n d / o r to determine i f the expression o f 
such componen ts under stress in the d r y season 
is s im i la r to the i r expression under stress in the 
ra iny season, so tha t select ion can be done in the 
d r y season. 
S e e d l i n g E m e r g e n c e 
We recent ly comple ted a s tudy of eva lua t ion 
me thods , he r i tab i l i t y , and response to selection 
f o r seedl ing emergence ab i l i t y in pear l mi l le t at 
I C R I S A T Center . The ma te r i a l used was f o u r 
selfed generat ions (S1 to S4) of p rogeny f r o m the 
B o l d Seeded Ear l y Compos i te ( B S E C ) . The o b ­
ject ives were to p rov ide b o t h basic data on the 
genetics o f emergence ab i l i t y and prac t ica l i n f o r ­
m a t i o n on methods o f select ion f o r i t . The s tudy 
was con f ined to emergence in favorab le c o n d i ­
t i ons , in cont rast to some o f ou r prev ious w o r k 
on emergence under stress cond i t i ons . Even 
under favorab le cond i t i ons , emergence is o f ten 
as l o w as 5 0 % of seeds sown . I m p r o v e m e n t in 
pe r fo rmance under favorab le cond i t i ons w o u l d 
therefore be of interest, i f th is ab i l i t y is under 
genetic c o n t r o l and is responsive to select ion. 
Field vs Greenhouse Eva lua t ion 
The f i rs t pa r t o f the study invo lved a compar i son 
o f eva lua t i on o f emergence ab i l i t y under f ie ld 
and greenhouse cond i t i ons . In the greenhouse 
test we sowed 20 seeds in 15-cm pots f i l led w i t h 
sieved so i l , and placed t hem on a cap i l l a ry ma t ­
t i ng w h i c h was kept mois t at a l l t imes to assure 
an even supp ly of water to the ge rm ina t i ng seeds. 
In the f ie ld test we sowed 50 seeds per r o w (o f 
2-m length) w i t h a precis ion p lanter and appl ied 
an i r r i g a t i o n of 3 cm by sp r ink le r f o l l o w i n g sow­
ing and l igh t i r r iga t ions (1 cm) on several days 
f o l l o w i n g sow ing to assure adequate mois ture 
f o r g e r m i n a t i o n and emergence. We repl icated 
b o t h tests thr ice and counted emergence 6-7 
days after sow ing ( D A S ) . 
Pheno typ ic cor re la t ions between the green­
house and f ie ld tests were s ign i f i cant f o r a l l three 
generat ions o f B S E C progeny fo r wh i ch they 
were ca lcu la ted, bu t the magn i tude of the cor re ­
l a t i on decl ined w i t h increased inbreed ing o f the 
progenies (Tab le 3). The results ind icate tha t 
greenhouse screening, pa r t i cu la r l y in the S2 
genera t ion , w o u l d be effective in d iscard ing 
those progenies w i t h p o o r f ie ld emergence. The 
va lue of the greenhouse test lies in the poss ib i l i t y 
o f c o m b i n i n g screening f o r emergence w i t h 
screening f o r D M resistance b y i nocu la t i ng the 
emerged seedlings w i t h a suspension o f DM 
sporang ia . 
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T a b l e 3 . C o m p a r i s o n o f m e t h o d s o f assessing 
s e e d l i n g e m e r g e n c e a b i l i t y , I C R I S A T C e n t e r , 
1 9 8 6 - 8 9 . 
G e n e r a -
t i o n N 
S , 475 
S2 169 
S3 169 
S4 973 
M e a n percentage o f 
emergence ( range) 
Greenhouse F ie l d 
6 7 ( 0 - 1 0 0 ) -1 
3 1 ( 0 - 9 5 ) 1 9 ( 0 - 9 2 ) 
6 0 ( 8 - 1 0 0 ) 7 4 ( 0 - 1 0 0 ) 
9 2 ( 8 - 1 0 0 ) 3 6 ( 0 73) 
C o r r e l a t i o n 
o f t w o 
m e t h o d s 
-1 
0.72 
0.50 
0.35 
1 . N o t m e a s u r e d . 
H e r i t a b i l i t y o f E m e r g e n c e A b i l i t y 
We calculated her i tab i l i t ies i n t w o ways: w i t h i n 
i nd i v i dua l generat ions, using the expected mean 
squares f o r genetic and er ro r var iance f r o m the 
analysis of var iance of the emergence data ; and 
across generat ions, by o f fspr ing-parent regres­
s ion. The i nd i v i dua l generat ion analysis was 
done on the basis of the means of the fami l ies of 
progenies der ived f r o m one i n d i v i d u a l progeny 
of the prev ious genera t ion ; e.g., the S3 progeny 
data were analyzed accord ing to the S 2 f a m i l y 
means. Th is est imate of he r i tab i l i t y is a p p r o p ­
r ia te f o r select ion between, e.g., S2 fami l ies in the 
S 3 genera t ion . In the o f fspr ing-parent regression 
m e t h o d , her i tab i l i t y was est imated f r o m the 
slope of the regression (b value), w i t h no adjust­
ment f o r inbreeding. Th is est imate o f her i tab i l i t y 
is appropr ia te fo r selection between progenies in 
the parenta l generat ion. Her i tab i l i t ies were ca l ­
culated f r o m b o t h the greenhouse and f ie ld 
emergence data. 
The her i tab i l i t y estimates fo r emergence were 
pos i t ive f o r a l l generat ions and fo r bo th the f ie ld 
and greenhouse evaluat ions (Tab le 4). Fo r c o m ­
parable tests, the mean her i tab i l i t y est imated 
f r o m f ie ld data was 0.45, and that f r o m green­
house da ta was 0.44. There was a tendency fo r 
est imates f r o m the analysis of var iance to be less 
var iab le than those f r o m the of fspr ing-parent 
regressions, possibly because the analysis of va r i ­
ance estimates were based on fami l y rather t han 
i nd i v i dua l progeny means. There was no effect 
o f generat ion o f inbreed ing on est imated her i ta­
bi l i ty . The results con f i rm that emergence abi l i ty is 
a genetic character, which means that selection fo r 
improved emergence ab i l i t y should be possible. 
Predicted Response to Selection 
We calculated predicted genetic gains in emer­
gence ab i l i t y b o t h f r o m direct selection under 
f ie ld condi t ions and f r o m selection based on eval­
ua t i on o f emergence ab i l i t y in pots in the green­
house. The lat ter ca lcu la t ion was based on 
T a b l e 4 . H e r i t a b i l i t y e s t i m a t e s o f seed l ing e m e r g e n c e a b i l i t y f r o m p a r e n t - o f f s p r i n g regress ion ( regres -
s i o n ) a n d f r o m t h e e x p e c t e d e n t r y m e a n sq u ar es i n t h e ana lyses o f v a r i a n c e ( e n t r y m e a n ) , I C R I S A T 
C e n t e r , 1 9 8 6 - 8 9 . 
G e n e r a t i o n s f o r 
Regress ion 
S 2 / S 1 
S 3 / S 2 
S4/S3 
E n t r y m e a n 
S1 
S2 
S3 
H e r i t a b i l i t y 
Greenhouse 
Regress ion 
0.71 
0.09 
0.12 
E n t r y m e a n 1 
0.91 
_2 
0.71 
0.86 
F i e l d 
Regress ion E n t r y m e a n 1 
-2 -2 
0.07 -2 
0.59 0.29 
0.85 
1 . G e n o t y p e s i n S 1 , f a m i l i e s o f S n - 1 i n o t h e r g e n e r a t i o n s . 
2 . N o t m e a s u r e d . 
genetic cor re la t ions of greenhouse and f ie ld 
emergence der ived f r o m the expected mean 
squares f r o m covar iance analyses of the green­
house and f ie ld da ta in the S3 and S4 generat ions. 
The predicted gain was calculated as: 
Pred ic ted ga in = S1 * h ( G H ) * h ( F L ) * GC 
where S1 is the unstandard ized select ion in ten­
s i ty , h (G H) and h ( F L ) are the square roots o f the 
her i tab i l i t ies der ived f r o m the greenhouse and 
f ie ld da ta , and GC is the genetic co r re l a t i on o f 
greenhouse and f ie ld emergence. 
Predic ted genetic gains fo r emergence by 
d i rec t select ion in the f ie ld averaged 2 .9% in the 
S3 generat ion and 11.4% in the S4 , across selec­
t i o n intensit ies using her i tab i l i t ies and selection 
a m o n g fami l ies (Tab le 5). The predic ted gains 
under f ie ld cond i t i ons based on corre la ted re­
sponse to select ion in the greenhouse were abou t 
the same in the S3 and a p p r o x i m a t e l y 2 0 % of 
those fo r d i rect selection in the f ie ld in the S4 
genera t ion . 
T h u s , fo r popu la t i ons needing i m p r o v e m e n t 
in emergence percentage, d i rect select ion under 
f ie ld cond i t i ons shou ld be very effect ive over the 
pe r iod of a few cycles. In c o m p a r i s o n , the p re ­
d ic ted response f r o m select ion in pots in the 
greenhouse is l o w (Tab le 5). Nevertheless, th is 
B i o t i c Stresses 
Downy Mi ldew (Sclerospora 
graminicola) 
Oospore Germinat ion 
We have been successful in ge r m i na t i ng o o ­
spores of S. graminicola, at I C R I S A T Center , 
us ing a mod i f i ed vers ion of a me thod developed 
i n i t i a l l y by a P h D student f r o m the A n d h r a P ra ­
desh A g r i c u l t u r a l Un ivers i ty . The me thod i n -
procedure w o u l d be useful f o r m a i n t a i n i n g m i l d 
select ion pressure f o r emergence in composi tes 
in w h i c h seedl ing emergence is no t a m a j o r p r o b ­
lem. M o r e o v e r , because of the phenotyp ic cor re ­
l a t i on between emergence tests in pots in the 
greenhouse and emergence in the f i e ld , prev ious 
select ion in the greenhouse helps to avo id miss­
ing p lo ts in subsequent exper iments . W h e n 
c o m b i n e d w i t h seedling select ion f o r D M resis­
tance, the greenhouse test prov ides a low-cost 
m e t h o d f o r g radua l imp rovemen t i n emergence 
capab i l i t y f o r selected composi tes. F ie ld selec­
t i o n , however , i s l i ke l y to be the mos t ef fect ive 
m e t h o d . 
52 Pearl Millet 
Table 5. Predicted genetic gains in seedling emergence f rom direct field selection and f rom correlated 
response based on greenhouse selection at three different selection intensities, I C R I S A T Center, 
1986-89. 
Selection procedure Generation 
Direct selection in field S3 
S4 
Correlated response based on greenhouse data S3 
S4 
Selection intensity 
10% 
SD1 
12.1 
16.2 
13.3 
5.7 
Gain2 
3.5 
13.8 
2.7 
2.4 
20% 
SD 
9.8 
13.6 
11.4 
4.9 
Gain 
2.8 
11.6 
2.4 
2.0 
30% 
SD 
8.3 
11.3 
10.4 
4.5 
Gain 
2.4 
8.8 
2.1 
1.9 
1. SD = Unstandardized selection dif ferential . 
2. Gain = Percentage increase in emergence per cycle. 
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cludes soak ing oospores in water , t rea t ing the 
water-soaked oospores in sod ium hypoch lo r i te 
( N a O C l ) , f o l l o w e d by several changes of steri le 
d is t i l led water , and resuspending in sterile d is­
t i l led water a t 28~30°C fo r ge rm ina t i on . G e r m i ­
na t i on in i t ia tes w i t h the appearance of a wedge-
shaped s t ruc ture in the inner w a l l , w h i c h later 
develops i n t o a ge rm tube. Each oospore p r o ­
duces a single germ tube w h i c h ends in an 
appressor ium. The germ tubes are coenocyt ic , 
l igh t b rown ish to t ransparent , and vary cons id -
Figure 1. Germination of oospores of Sclerospora 
graminicola, ICRISAT Center 1989: (a) an oospore 
after the NaOCl treatment and (b) a germinating 
oospore. 
erab ly in length and w i d t h ( F i g . 1). G e r m i n a t i o n 
begins in about 2 h after the N a O C l t reatment 
and cont inues f o r several days. G e r m i n a t i o n 
percentage is i n f l uenced by several f ac to rs 
i nc lud ing N a O C l concent ra t ion , oospore con ­
cen t ra t ion in the germina t ing m e d i u m , t ime, and 
the temperature dur ing germinat ion . We obtained 
as h igh as 8 0 % germina t ion w i t h 1-year-old oo ­
spores. O u r ab i l i t y to germinate oospores w i l l be 
of great value: (1) in de te rm in ing the longevi ty of 
oospores, (2) in c la r i f y i ng the ro le o f oospores in 
the annua l recurrence of the disease, (3) in s tud­
ies of resistance mechanisms and genetics of 
pa thogen v i ru lence. 
Recovery Resistance 
We evaluated 236 pear l mi l le t accessions f r o m 
Senegal, to determine the presence and f re ­
quency o f recovery resistance to DM a t 1CR1-
S A T Center in pear l mi l le t f r o m a d i f ferent geo­
graph ic area. E igh ty percent of the accessions 
showed some degree of recovery, but the level 
and the t i m i n g o f recovery great ly var ied a m o n g 
the accessions. Plants tha t recovered late had 
delayed f lowering. There was a large va r ia t i on 
w i t h i n and among accessions f o r the occurrence 
of b o t h asexual and sexual spo ru la t i on on the 
diseased leaves of plants that later recovered. 
Asexua l spo ru la t i on was sparse to abundant and 
sporangia were n o r m a l . Plants w i t h reduced 
asexual spo ru la t i on are i m p o r t a n t ep idemio log-
ical ly as they add less i n o c u l u m to the b u i l d u p of 
the disease d u r i n g the season. 
We also examined h is to log ica l ly the f i rs t t w o 
symptomless leaves of S D N 503, p roduced after 
recovery f r o m systemic i n fec t i on , f o r the pres­
ence of S. graminicola myce l i um. No sclero-
spora-type myce l i um was observed, ind ica t ing 
tha t the recovered plants do not car ry la tent 
myce l i um. 
Host -p lant Resistance 
Some of the entries prev ious ly classif ied as 
resistant had moderate t o h igh levels o f D M i n 
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the 1989 ra iny-season D M nurseries a t I C R I -
S A T Center . Th is was due to the b u i l d u p o f a 
very h igh disease pressure ( > 9 5 % incidence in 
susceptible cont ro ls ) . A large p r o p o r t i o n of the 
breed ing mate r ia l and f in ished p roduc ts had 
m u c h m o r e t h a n the acceptable 5 % level o f D M 
inc idence. I n the t r ia ls f r o m the A l l I n d i a C o o r ­
d inated Pear l M i l l e t I m p r o v e m e n t Pro ject ( A I C -
P M I P ) , on ly 12 entr ies ( i nc l ud ing M H s 322, 342, 
and 328) o f the 36 in the advanced hybr ids t r i a l , 
t w o entr ies (88004A and 863A) in the 25-entry 
male-ster i le l ines t r i a l , and one en t ry (20 K-86) in 
the 22-ent ry restorer l ines t r i a l had < 5 % D M . 
The m a x i m u m levels o f D M i n these t r ia ls 
ranged f r o m 4 8 % to 9 2 % . W i d e l y used entr ies 
tha t showed h igh disease levels inc luded 8 1 A 
(40%) , 843A (78%) , and H H B 6 7 (48%). W h i l e 
the occurrence of such h igh disease pressure is 
no t c o m m o n in f a rmers ' f ie lds , th is year's results 
c lear ly show the po ten t i a l suscept ib i l i ty o f cur ­
rent breed ing mate r ia l . Th i s calls f o r an intensive 
e f fo r t to increase the levels of resistance in 
I C R I S A T ma te r i a l , t o ensure tha t on ly resistant 
mate r ia l reaches fa rmers , to m in im i ze chances of 
occurrence of epidemics. 
A Mycoparas i te on D o w n y M i l d e w 
F o r the last several years, we have observed a 
leaf spot disease tha t affects the D M - i n f e c t e d 
areas o f pear l m i l l e t leaves a t I C R I S A T Center . 
The disease causes substant ia l damage in the 
D M in fec to r rows i n the disease nursery. P r o ­
duc t i on of sporangia on the leaf spot- infected 
plants is e i ther great ly reduced or t o ta l l y s topped 
due to the dea th o f the tissues, w h i c h consider­
ab ly reduces the ef f icacy of the screening. T h e 
disease is character ized by the presence of spots 
of var iab le shapes and sizes. The spots begin as 
sma l l , r o u n d , b rown i sh dots tha t increase in size 
w i t h t ime . F u l l y developed spots have gray cen­
ters su r rounded by b r o w n i s h marg ins ( F i g . 2). 
Under cond i t i ons o f h igh h u m i d i t y , the spots 
coalesce, cover ing and f i na l l y k i l l i n g the infected 
leaves. P rematu re death of y o u n g seedlings is 
also qu i te c o m m o n . The disease has no t been 
observed d u r i n g the d ry season. The pa thogen 
was isolated on po ta to dextrose agar and i den t i ­
f ied as Fusarium equiseti ( W o l l e n w . & Re ink ing) 
by the C o m m o n w e a l t h A g r i c u l t u r a l Bureaux 
I n te rna t i ona l M y c o l o g i c a l Ins t i t u te , K e w , Sur -
Figure 2. The mycoparasite Fusarium equiseti on downy mildew-infected pearl millet, ICRISA T Center, rainy 
season 1989: (a) isolated spots, (b) a plant killed by the mycoparasite, and (c) conidia of the mycoparasite. 
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rey, U K . P re l im ina ry ef for ts to c o n t r o l the d is­
ease, w i t h o u t af fect ing D M , using benomy l have 
no t been successful. 
S m u t (Tolypospor ium penicillariae) 
Var iab i l i ty a m o n g West A f r ican Isolates 
We evaluated the reac t ion of seven smut isolates 
f r o m West A f r i c a on t w o pear l m i l le t cu l t ivars 
(BJ 104 and I C M S 8410) at I S C . The smut sam­
ples were p rov ided by the na t i ona l p rograms in 
C a m e r o o n , Gu inea Bissau, M a l i , N iger ia , and 
Senegal. Spo r i d i a were p roduced on ma l t extract 
agar f r o m al l the smut co l lect ions f o r a r t i f i c ia l 
i n o c u l a t i o n in the f ie ld and f o r measur ing co lony 
and spor id ia size. 
We f o u n d quan t i ta t i ve dif ferences in the mean 
smut severi ty among some of the smut isolates. 
The dif ferences were more no tewo r thy on BJ 104 
t h a n on the less susceptible var ie ty I C M S 8410 
( F i g . 3). The smut isolates f r o m M a r o u a ( C a m ­
eroon) and Bambey (Senegal) caused the highest 
smut severity w i t h 7 0 % ( M a r o u a ) and 6 1 % 
(Bambey) on BJ 104 and 2 5 % ( M a r o u a ) and 2 7 % 
(Bambey) on I C M S 8410. We f o u n d the lowest 
smut ra t i ng w i t h the isolate f r o m Sadore (N iger ) 
w i t h 4 0 % severi ty on BJ 104 and 14% on I C M S 
8410. The other isolates p roduced between 5 4 -
6 0 % smut on BJ 104 and 16 -20% on I C M S 8410, 
and some o f t h e m d id not d i f fe r s igni f icant ly in 
the i r severity. 
We f o u n d s igni f icant differences in the in v i t r o 
g r o w t h a m o n g the isolates. The largest colonies 
on ma l t ex t rac t agar were produced by the iso­
lates f r o m Samaru (402 m m 2 ) and Sadore (275 
m m 2 ) as shown in Tab le 6. I t was interest ing to 
note tha t t h o u g h the Bambey and M a r o u a iso­
lates p roduced the lowest co lony g r o w t h (25-34 
m m 2 ) , they caused the highest smut severity 
( 6 2 - 7 0 % on BJ 104) in the f ie ld . 
The mean length o f the spor id ia f o r a l l isolates 
var ied between 10.7 and 14.3 µm and the mean 
w i d t h between 2.5 and 4.0 µm. The va r i ab i l i t y in 
spor id ia l size was less d is t inc t t han the d i f fe r ­
ences in co lony g r o w t h and smut severity in the 
f ie ld . 
Figure 3. Smut seventy (%) on two pearl millet cultivars tested for their reaction to Tolyposporium penicillariae 
isolates from West Africa, Bengou, Niger, rainy season 1989:1 = Maroua (Cameroon), 2 = Bambey (Senegal), 3 = 
Samaru (Nigeria), 4 = Cacheu Blute (Guinea Bissau), 5 - Cinzana (Mali), 6 = Bengou (Niger), 7 - Sadore (Niger), 
and 8 - Control (panicles not inoculated). 
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Origin of smut isolate 
These da ta show the va r i ab i l i t y in smut f o r 
spore m o r p h o l o g y and pathogen ic i ty in West 
A f r i c a . Howeve r , they are no t suf f ic ient to p rove 
the existence of d i f fe ren t pa tho types of T. peni-
cillariae, as has been s h o w n f o r DM in West 
A f r i c a ( I C R I S A T A n n u a l Repo r t 1988, p . 33). 
Flower ing Events and S m u t 
Susceptibil ity 
We s tud ied the re la t ionsh ip between d u r a t i o n o f 
three stages in the f l o w e r i n g process — b o o t leaf 
stage to s t igma emergence, boo t leaf stage to 
an ther emergence, and s t igma emergence to 
an ther emergence — and smut deve lopment on 
resistant and susceptible cu l t i va rs under f ie ld 
cond i t i ons a t I C R I S A T Center , t o de termine 
whether di f ferences in f l o w e r i n g hab i t were 
re lated to di f ferences in smut resistance/suscep-
t i b i l i t y . A l l the entr ies were inocu la ted w i t h smut 
spo r i d i a (106 m L - 1 ) a t the b o o t leaf stage. T h e 
n u m b e r o f hours requ i red f o r the comp le t i on o f 
each f l o w e r i n g stage and the f i na l smut severities 
were recorded f o r each cu l t i va r (Tab le 7). D i f f e r ­
ences in leng th of f l o ra l stages between resistant 
and susceptible groups were smal l . M e a n smut 
seventy on susceptible cu l t i va rs was 86 .7% in the 
1985 d r y season and 4 9 . 1 % in the 1988 r a i n y 
season; the mean smut severi ty on resistant c u l ­
t i vars f o r the 1985 d r y season was 0% and f o r the 
1988 ra iny season, i t was 1 %. The large d i f fe ren­
ces in the smut severity values do no t appear to 
be exp la inab le by the very sma l l di f ferences in 
the mean n u m b e r o f hours tha t were observed 
between the resistant and susceptible cu l t ivars 
f o r the d i f fe rent f l o w e r i n g stages. We conc luded 
tha t the t i m i n g and d u r a t i o n o f f l owe r i ng events 
do no t in f luence smut deve lopment i n pear l 
mi l le t in a m a j o r way. 
Inf luence of Temperature on Smut 
In fect ion 
O u r a t tempts to operate a smut screening nu r ­
sery a t I C R I S A T Center d u r i n g the 1989 d r y 
season were unsuccessful, possibly because of 
coo l n igh t temperatures « 2 0 ° C ) d u r i n g J a n u ­
a r y - M a r c h . We conduc ted a s tudy to de termine 
the effects o f d i f fe ren t temperatures on smut 
i n fec t ion . A l l panicles were inocu la ted w i t h smut 
and ma in ta i ned a t 9 5 % relat ive h u m i d i t y ; t rea t ­
ments consisted o f three d i f ferent d i u r n a l t e m ­
pera ture sequences, v a r y i n g b o t h in mean and 
range. 
T a b l e 6 . C o m p a r i s o n o f i n v i t r o g r o w t h a n d size o f s p o r i d i a o f d i f f e r e n t p e a r l m i l l e t s m u t i so la tes f r o m 
W e s t A f r i c a , I S C , S a d o r e , N i g e r , r a i n y s e a s o n 1 9 8 9 . 
A r e a o f co lon ies 
O r i g i n o f s m u t isolates ( m m 2 ) 1 
L o c a t i o n 
B a m b e y , Senegal 
M a r o u a , C a m e r o o n 
C i n z a n a , M a l i 
B e n g o u , N ige r 
M e a n 
24.8 
34 .1 
59.4 
105.3 
C a c h e u B l u t e , G u i n e a B issau 179.2 
S a d o r e , N i g e r 
S a m a r u , N i g e r i a 
274.6 
401.7 
S E 
±5.5 
±9.7 
±9 .4 
±3.8 
±16.5 
±18.3 
±24.4 
L e n g t h o f s p o r i d i a ( µ m ) 2 
M a x . 
26.5 
21.2 
21.2 
21.2 
21.2 
18.6 
21.2 
M i n . 
5.3 
8.0 
5.3 
5.3 
5.3 
5.3 
5.3 
M e a n 
14.3 
12.1 
12.3 
12.5 
12.6 
10.7 
11.5 
S E 
±0.6 
±0 .4 
±0.4 
±0.4 
±0.3 
±0.3 
±0.3 
W i d t h o f s p o r i d i a ( µ m ) 2 
M a x . 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
5.3 
M i n . 
1.1 
2.1 
0.5 
2.1 
2.1 
2.1 
2.1 
M e a n 
2.5 
3.0 
3.4 
3.5 
3.2 
3.4 
4 .0 
S E 
±0.1 
±0.1 
±0.1 
±0.1 
±0 .1 
±0.1 
±0.1 
1 . M e a n o f 1 0 p e t r i d i shes e a c h w i t h f o u r c o l o n i c s g r o w n o n m a l t e x t r a c t a g a r a t 1 5 - 3 0 ° C f o r 4 d a y s . A r e a c a l c u l a t e d b y 
m u l t i p l y i n g l e n g t h a n d w i d t h o f e a c h c o l o n y . 
2 . M e a n o f 100 s p o r i d i a g r o w n o n m a l t e x t r a c t a g a r a t 3 0 ° C f o r 4 d a y s . 
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At a mean tempera ture o f 29.5° C, w i t h a nar ­
r o w d i u r n a l range o f 26 -33° C , inocu la ted p a n i ­
cles developed 7 6 % smut seventy. At a s im i la r 
mean tempera tu re , bu t a w ider d i u r n a l range of 
20 -38° C, smut severity was reduced to 30%. At a 
coo ler tempera ture range o f 15 -32°C , i nc lud ing 
8 h at less t h a n 20° C, there was no smut devel ­
opmen t . The results suggest tha t coo l « 2 0 ° C ) 
n igh t temperatures are i n h i b i t o r y to smut devel­
o p m e n t , even when the da i l y mean tempera ture 
is near 30° C and m a x i m u m temperatures are 
we l l above 30° C. Dry-season screening w i t h l ow 
n igh t tempera tu re is therefore l i ke ly to be less 
effect ive t h a n rainy-season screening. 
Scarab id Beetle (Rhinyptia 
infuscata) 
Rhinyptia infuscata is a scarabid beetle tha t 
feeds on the st igmas of pear l m i l le t a t f l o w e r i n g 
t ime resu l t ing in empty spikelets. W h i l e th is 
insect has been ident i f ied as a pest of pearl m i l le t , 
l i t t l e i s k n o w n o f ei ther i ts p o p u l a t i o n densi ty , o r 
b i o l ogy , or the damage i t causes, pa r t l y because 
it has a noc tu rna l feeding hab i t , and is therefore 
d i f f i cu l t to s tudy. D u r i n g the past several years, 
we have m o n i t o r e d bo th la rva l and adu l t p o p u ­
la t ions of th is pest at I S C , and have at tempted to 
est imate losses caused by i t . 
Biology of Rhinyptia in Fie ld Cages 
We in t roduced Rhinyptia adul ts i n t o the f ie ld 
cages on 10 and 11 A u g u s t , 1989 fo r a y ie ld loss 
assessment s tudy (see be low) . In order to ob ta in 
l i fe h is to ry da ta on Rhinyptia, we in i t ia ted soi l 
samp l ing f o r Rhinyptia larvae on 27 Augus t and 
cont inued at weekly intervals un t i l 21 November . 
The cages were i r r igated every week beg inn ing 
26 September, 1989. 
Eggs were la id in the so i l at a dep th greater 
t h a n 5 c m . At least 7 days were requ i red f o r the 
eggs to ha tch . The deve lopmenta l per iod of Rhi-
nyptia larvae was app rox ima te l y 45 -50 days, 
w h e n the larvae at ta ined f u l l size, a t w h i c h p o i n t 
the co lo r o f the abdomen changed f r o m a p u r ­
p l ish shade to creamy whi te . 
Larva l Popula t ion Density 
In June, f o l l o w i n g rains o f app rox ima te l y 20 
m m , we sampled soi l in a number of f ields to 
determine the popu la t ions of Rhinyptia larvae 
f o l l o w i n g d i f ferent c ropp ing practices in the pre­
v ious g r o w i n g season. Sole cowpea and pear l 
m i l le t f ields suppor ted h igh la rva l popu la t ions 
( > 2 0 000 h a 1 ) wh i le g r o u n d n u t f ields and n o n -
cu l t i va ted areas suppor ted re lat ive ly few larvae 
(6000-7000 ha - 1 ) . The p o p u l a t i o n densi ty in 
T a b l e 7 . M e a n t i m e p e r i o d s o f f l o w e r i n g events a n d s m u t sever i t ies i n s m u t - r e s i s t a n t a n d - s u s c e p t i b l e 
p e a r l m i l l e t l i nes , I C R I S A T C e n t e r , d r y season 1 9 8 5 a n d r a i n y season 1 9 8 8 . 
Y e a r / C u l t i v a r g r o u p (n) 
D r y season 1985 
Res is tan t (5) 
Suscep t ib le (3) 
R a i n y season 1988 
Res is tan t (4) 
Suscep t ib le (8) 
T i m e pe r i od (h ) 1 
B o o t - S E 3 
69.8± 9.68 
74.7±12.50 
85.0±10.32 
85.8± 7.65 
B o o t - A E 3 
160.8±10.91 
179.7±14.08 
158.5+ 12.20 
173.2± 8.62 
S E - A E 3 
90.8±10.06 
104.3±12.99 
75.0±11.25 
88.0+ 7.95 
S m u t sever i ty2 
( % ) 
0 
88.1± 1.86 
1.01 1.0 
49.1111.97 
1 . B a s e d o n 1 0 p a n i c l e s i n e a c h o f t w o r e p l i c a t i o n s . 
2 . B a s e d o n a m e a n o f 1 0 a r t i f i c i a l l y i n o c u l a t e d p a n i c l e s i n e a c h o f t w o r e p l i c a t i o n s . 
3 . B o o t = b o o t s tage ; S E = s t i g m a e m e r g e n c e ; A E = a n t h e r e m e r g e n c e ; S E - A E = p r o t o g y n e p e r i o d . 
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f a rmers ' f ie lds was also m u c h lower t h a n in the 
ones at I S C . L o w e r la rva l popu la t i ons are p r o b ­
ab ly the result o f l im i ted f o o d supp ly : fa rmers ' 
f ie lds have app rox ima te l y one - th i rd the p lan t 
dens i ty as I S C f ie lds, and the remova l o f the 
who le g r o u n d n u t p lant at harvest leaves cons id ­
erab ly less r o o t mate r ia l in the so i l compared to 
pear l m i l l e t and cowpea. 
A d u l t Popu la t ion Densi ty in F ie ld 
D u r i n g the 1989 g r o w i n g season the adu l t p o p u ­
l a t i o n of Rhinyptia was de te rmined by c o u n t i n g 
the numbe r o f adul ts on 720 m 2 o f mi l le t p lants 
between 2100 and 2400. Coun ts were made on 
n ine d i f fe ren t dates between 28 Augus t and 25 
September . The results of these counts are 
shown in Tab le 8 . The p o p u l a t i o n estimates f o r 
1987 and 1988 are also shown to make c o m p a r i ­
sons between the d i f fe ren t g r o w i n g seasons. 
Popu la t i ons were cons iderab ly h igher in 1989 
t h a n in 1988, and the peak emergence per iod was 
abou t 3 weeks later in 1989, p robab l y due to the 
late onset of the rains in 1989. 
T a b l e 8 . E s t i m a t e d a d u l t p o p u l a t i o n ( 1 0 0 0 h a - 1 ) 
o f Rhinyptia infuscata on p e a r l m i l l e t p a n i c l e s 
b e t w e e n 2 1 0 0 a n d 2 3 0 0 a t I S C , N i g e r , r a i n y sea-
sons 1 9 8 7 - 8 9 . 
T ime p e r i o d 
Be fo re 14 J u l 
5 22 J u l 
23 31 J u l 
1 - 7 A u g 
8 - 1 5 A u g 
16 22 A u g 
2 3 - 3 1 A u g 
1 - 6 Sep 
7 -13 Sep 
14 21 Sep 
2 2 - 2 8 Sep 
1987 
-2 
-
-
-
-
-
525 
415 
167 
19 
-
1988 
7 
66 
-
49 
26 
235 
357 
384 
191 
78 
-
1989 
-
-
-
-
-
-
458 
690 
863 
832 
320 
1 . P l a n t p o p u l a t i o n o f 3 3 0 0 0 h i l l s h a - 1 . 
2 . N o t r e c o r d e d . 
L i g h t t r a p catches o f adu l t beetles in 1988 and 
1989 were consistent w i t h the di f ferences be­
tween 1988 and 1989 in the n u m b e r of adu l ts 
observed on pear l mi l le t panicles. 
Studies on Y ie ld Losses f r o m Rhinyptia 
We conduc ted a y ie ld loss s tudy in s ix 3 m x 3 m x 
9 m f ie ld cages, in wh i ch we ma in ta ined six d i f -
ferent popu la t i ons of adul ts f o r 15 consecut ive 
days beg inn ing in Augus t . W h e n the p lants were 
harvested, we d i v i ded the m a i n stems and t i l lers 
i n t o f ive g roups based on the est imated a m o u n t 
o f damage on each panic le (Tab le 9). In a d d i -
t i o n , we harvested 400 panicles at the t ime of 
c rop m a t u r i t y f r o m each o f the f ive f ields sub-
jec ted to n a t u r a l Rhinyptia i n fes ta t ion . We 
separated these i n t o f ive g roups as we d i d in the 
case of the cage s tudy, threshed the panic les, and 
weighed the g ra in . 
Y ie ld losses in the cage s tudy were somewhat 
lower t h a n they were in the f ie ld sample, a t a l l 
levels o f damage (Tab le 9), bu t in b o t h studies, 
there were ma jo r y ie ld losses w i t h damage ra t ­
ings tha t were greater t h a n 25%. M e a n y ie ld loss 
est imates f o r the ac tua l f ie lds sampled (based on 
the d i s t r i b u t i o n o f panicles in each category o f 
damage) ranged f r o m 3 7 % to 57%. 
Progress f r o m Selection 
We have prev ious ly repor ted the genetic gains 
made by recurrent select ion measured in a p r o ­
gress eva lua t ion t r i a l conducted over three loca­
t ions in a single year ( I C R I S A T A n n u a l Repo r t 
1986, pp . 96-98) . We have since analyzed p r o ­
gress eva lua t ion t r ia ls in 1982, 1984, and 1985 at 
I C R I S A T Center , H isar , and Bhavanisagar on 
f ou r composi tes—the M e d i u m Compos i te ( M C ) , 
I n te r Var ie ta l Compos i te ( I V C ) , New El i te C o m -
P l a n t I m p r o v e m e n t : 
I C R I S A T C e n t e r 
P o p u l a t i o n I m p r o v e m e n t 
Pearl Millet 59 
T a b l e 9 . E s t i m a t e d y i e l d losses f r o m Rhinyptia from a cage s tudy a n d f r o m f i e l d s a m p l i n g , I S C , N i g e r , 
r a i n y season 1 9 8 9 . 
D a m a g e F i e l d sample 1 
r a t i n g (%) (% g r a i n loss) 
0 0 
1-25 38 
26 50 64 
5 1 - 7 5 80 
7 6 - 1 0 0 97 
Cage y ie ld loss s tudy 2 
M a i n shoot 
Y i e l d Loss 
(g pan ic le - 1 ) (%) 
29.7 
29.5 1 
20.8 30 
14.2 52 
8.9 70 
T i l l e rs 
Y i e l d 
(g pan ic le - 1 ) 
15.9 
15.5 
12.8 
10.6 
2.9 
Loss 
(%) 
3 
20 
33 
82 
1 . Based o n a s a m p l e o f 4 0 0 p a n i c l e s f r o m e a c h o f f i v e d i f f e r e n t f i e l d s . 
2 . Based o n a c o m p l e t e s a m p l i n g o f p l a n t s i n 1 8 m 2 i n e a c h o f s i x f i e l d cages i n f e s t e d w i t h d i f f e r e n t p o p u l a t i o n s o f Rhinyptia 
a d u l t s . N o n r e p l i c a t e d s t u d y . 
posi te ( N E L C ) , and Ear ly Compos i te (EC) . We 
evaluated the base popu la t ions and f o u r to f ive 
selected popu la t ions in these composi tes f o r 
y ie ld and a range of other characters (F ig . 4 and 
Tab le 10). L inear gains f o r g ra in y ie ld made by 
recur rent selection var ied f r o m 23-96 kg ha - 1 
cycle - 1 over a l l loca t ions , w h i c h are increases of 
abou t 1-5% cycle - 1 (Tab le 10). Some of the la rg -
est increases of g ra in y ie ld occur red in the first 
cycle of select ion (F ig . 4) , bu t on ly in EC was 
there a dec l in ing response to select ion over 
cycles. 
Figure 4. Response to selection in four pearl millet composites for grain yield and days to 50% flowering, averaged 
over three locations and 3 years. The largest SE for each trait is indicated. Slopes of regression lines and gains per 
cycle are shown in Table 10. MC = Medium Composite, IVC = Inter Varietal Composite, EC = Early Composite 
NELC = New Elite Composite. 
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T h i s rate o f ga in in g ra in y ie ld is sat is fac tory , 
and is the same or bet ter t h a n the progress 
repor ted in o ther cross-pol l inated crops. The 
rate of ga in has been least in N E L C , the c o m p o ­
site w h i c h was in i t i a l l y the highest y ie ld ing ( F i g . 
4 ) , i nd i ca t i ng that perhaps its i n i t i a l h igh y ie ld 
was genet ical ly na r row ly based. 
Gains in g ra in y ie ld over select ion cycles 
tended to be less when measured in southern 
I nd ia (Bhavanisagar) than in central Ind ia (Patan-
cheru) o r no r t he rn I nd ia (H isa r ) fo r M C and 
I V C , bu t these differences were nons ign i f i can t 
( P > 0 . 0 5 ) (Tab le 10). O n l y in EC d id the l inear 
response to select ion va ry w i t h the l oca t i on o f 
eva lua t i on . I t is encourag ing tha t the genetic 
gains in I V C , M C , and EC have been across a 
b road range o f env i ronments , even t h o u g h m u c h 
o f the tes t ing , and a l l o f the se l f ing and r e c o m b i ­
n a t i o n had been done a t I C R I S A T Center. 
M a t u r i t y i s an i m p o r t a n t character is t ic in 
pear l m i l l e t , as l a te r -ma tu r i ng pear l m i l le t is less 
a d a p t e d t o reg ions p r o n e t o end -o f - season 
d rough ts . T i m e to 5 0 % f l o w e r i n g was l i t t le 
changed or became less over cycles of selection in 
a l l the composi tes apar t f r o m EC (F i g . 4 and 
Tab le 10). In the l a te r -ma tu r i ng composi tes, the 
changes were smal l i n I V C and M C , i n the d i rec­
t i o n o f increased earliness ( F i g . 4). However , in 
EC there was an undesi rable and s ign i f icant 
increase in t ime to 5 0 % f l o w e r i n g . Th is indicates 
tha t in E C , where there is a s t rong co r re la t i on 
between y ie ld and lateness to f l owe r i ng , selec-
t i o n i s requ i red b o t h fo r earl iness and y ie ld . In 
l a t e r - m a t u r i n g c o m p o s i t e s t h e c o r r e l a t i o n 
T a b l e 1 0 . P r o g r e s s i n s e l e c t i o n f o r t h r e e t r a i t s i n f o u r p e a r l m i l l e t c o m p o s i t e s 1 . D a t a a r e l i n e a r g a i n s 
p e r cyc le o f s e l e c t i o n ( k g h a - 1 ) a n d p e r c e n t a g e o f g a i n p e r c y c l e , b a s e d o n 3 y e a r s o f t e s t i n g a t t h r e e 
l o c a t i o n s . 
T r a i t 
Y i e l d 
( k g ha - 1 ) 
T i m e t o 
5 0 % f l o w e r i n g 
(days) 
H e i g h t 
( c m ) 
L o c a t i o n 2 
H I 
I C 
BS 
Ac ross 5 
H I 
I C 
BS 
A c r o s s 
H I 
I C 
B S 
Ac ross 
MC3 
b 
1 1 4 * * 
6 3 * * 
38 
7 2 * * 
- 0 . 2 
- 0 . 3 * * 
- 0 . 3 * 
- 0 . 3 * * 
0.1 
- 1 . 9 * 
0.2 
- 0 . 6 
G a i n 
cyc le - 1 
(%) 
5.0 
3.3 
2.1 
3.6 
- 0 . 3 
- 0 . 7 
- 0 . 7 
- 0 . 6 
0.0 
- 0 . 9 
0.1 
- 0 . 2 
I V C 
b 
9 2 * * 
9 1 * * 
65 
8 3 * * 
- 0 . 6 * * 
- 0 . 4 * * 
- 0 . 6 * * 
- 0 . 6 * * 
- 1 . 8 
- 2 . 1 * 
- 0 . 3 
- 1 . 4 * 
G a i n 
cyc le" 1 
(%) 
3.8 
4 .6 
3.5 
4.0 
- 1 . 1 
- 0 . 8 
- 1 . 2 
- 1 . 1 
- 0 . 6 
- 1 . 0 
- 0 . 2 
0.6 
E C 
b 
1 9 7 * * 
3 
8 1 * * 
9 6 * * 
1.2** 
1.0** 
0 . 9 * * 
1.0** 
- 2 . 5 * 
3 . 1 * * 
0.6 
2 . 1 * * 
G a i n 
cyc le - 1 
(%) 
9.5 
0.2 
4 .6 
4.9 
2.7 
2.5 
2.4 
2.6 
1.0 
1.8 
0.4 
1.0 
N E L C 4 
b 
47 
11 
11 
23 
0.3 
0.1 
0 . 4 * 
0 . 3 * 
- 3 . 5 * 
- 1 . 8 
1.7 
- 2 . 6 * 
G a i n 
cyc le - 1 
(%) 
1.8 
0.5 
0.4 
0.9 
0.5 
0.2 
0.8 
0.5 
- 1 . 3 
- 0 . 8 
0.8 
- 1 . 0 
1 . M C = M e d i u m C o m p o s i t e , I V C = I n t e r V a r i e t a l C o m p o s i t e , E C = E a r l y C o m p o s i t e , N E L C = N e w E l i t e C o m p o s i t e . 
2 . H I = H i s a r , l C = I C R I S A T C e n t e r , a n d B S = B h a v a n i s a g a r . 
3 . A c r o s s f i v e cyc les i n M C ( f o u r cyc les i n t h e o t h e r c o m p o s i t e s ) . 
4 . D a t a f r o m 1984 a n d 1985 ( d a t a f r o m 1982 , 1984, a n d 1985 w i t h o t h e r c o m p o s i t e s ) . 
5 . A c r o s s t h e t h r e e l o c a t i o n s . 
* C o e f f i c i e n t s a re s i g n i f i c a n t l y d i f f e r e n t f r o m 0 a t P< 0 . 0 5 , a n d 
* * C o e f f i c i e n t s a re s i g n i f i c a n t l y d i f f e r e n t f r o m 0 a t P< 0 .01 . 
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between lateness and y ie ld w i l l be weaker, as 
very late entr ies w i l l no t be a l lowed to mature 
before harvest , or w i l l encounter end-of-season 
d r o u g h t stress. 
P lan t he ight changed l i t t le over cycles in al l 
the compos i tes . In the ta l ler composi tes, I V C 
and N E L C , there was a smal l decrease in height 
over cycles o f select ion, wh i le in the shorter E C , 
there was a smal l increase (Tab le 10). The 
changes in p lan t height resu l t ing f r o m recurrent 
select ion general ly occur red in the d i rec t ion o f 
the mean o f a l l compos i tes , thus d im in i sh i ng the 
di f ferences between them. As changes in p lan t 
he ight were general ly sma l l , or in a favorab le 
d i r ec t i on , s t rong select ion f o r this character does 
no t have to be made d u r i n g the recurrent selec­
t i o n cycles. 
T h e progress made by recurrent selection in 
the compos i tes is ref lected in the progress made 
in the y ie ld o f released var iet ies made f r o m the 
composi tes. I n 1988, I C R I S A T var ie ty I C M V 
155 ( l C M V 84400) was recommended f o r release 
b y the A I C P M l P W o r k s h o p . I C M V 155 y ie lded 
12% more t h a n I C M V 1 ( W C - C 7 5 ) over 3 years 
o f test ing in the A I C P M I P t r ia ls . Th is represents 
a ga in of 1.3% per year, as the f i rs t year of test f o r 
I C M V 1 was 1975, wh i le f o r I C M V 155 i t was 
1984. Th i s ga in is ma in l y a re f lec t ion of the gains 
made by the I C R I S A T pear l mi l le t popu la t i on 
i m p r o v e m e n t pro ject as a who le , as I C M V l was 
der ived f r o m the f i rs t cycle o f selection of the 
W o r l d C o m p o s i t e , and I C M V 155 f r o m the 
f o u r t h cycle o f selection o f N E L C . 
male-steri le seed parents can be used to produce 
three-way hybr ids instead of the single-cross 
hybr ids produced on inbred male-steri le l ines. 
An F1 male-ster i le seed parent , because of its 
h y b r i d v igor , w i l l p roduce more seed in hyb r i d 
seed p r o d u c t i o n plots than an inbred male-
sterile seed parent. 
Ear l ie r data on the per fo rmance o f three-way 
hybr ids produced on an F, male-steri le seed par­
ent, 5054A x 852B, indicated that i t is possible to 
produce three-way hybr ids as h igh y ie ld ing as 
single-cross hybr ids ( I C R I S A T A n n u a l Repor t 
1988, p. 41). Encouraged by this observat ion, we 
in i t ia ted a study to investigate the advantages of 
F, male-ster i le seed parents. In the 1989 ra iny 
season we evaluated nine F1 male-steri le seed 
parents and the i r parenta l inbred lines (usual ly 
represented by the A- l ine) (Table 11) f o r g ra in 
y ie ld and other agronomic t rai ts at f ou r loca­
t ions , and f o r DM incidence in a disease nursery 
a t I C R I S A T Center. 
A l l the F1 male-steri le seed parents yielded 
more g ra in ( 4 7 % - 9 0 % more) than the i r best pa­
renta l l ine (F i g . 5a). The h ighest-y ie ld ing F1 
male-ster i le seed parent , I C M A 2 (843A) * 862B, 
T a b l e 1 1 . E n t r i e s i n t r i a l o f F 1 a n d i n b r e d m a l e -
s ter i le seed p a r e n t s across f o u r l o c a t i o n s 1 , r a i n y 
season 1 9 8 9 . 
G r o u p 2 F, male-steri le seed parent 
1 l C M A 2 (843A) x 862B 
2 I C M A 1 (81A) x 852B 
3 I C M A 88004 x l C M B 89111 
4 5054A x 852B 
5 I C M A 1 (81A) x I C M B 89111 
6 I C M A 88006 x 863B 
7 I C M A 88004 x 863B 
8 A K M 1163 x I C M B 89111 
9 I C M A 2 (843A) x l C M B 89111 
Highest-
y ie ld ing 
parenta l 
l ine of F1 3 
862A 
I C M A 1 (81A) 
I C M A 88004 
5054A 
I C M A 1 ( 8 1 A ) 
I C M A 88006 
I C M B 88004 
I C M B 8 9 1 1 1 
I C M B 89111 
1 . B h a v a n i s a g a r , I C R I S A T C e n t e r , G w a l i o r , a n d H i s a r . 
2 . R e f e r s t o n u m b e r o f g r o u p i n F i g u r e 5 . 
3 . P a r e n t a l l i nes w e r e a l so i n t h e t r i a l a n d a re r e p r e s e n t e d 
a l w a y s b y t h e A - l i n e e x c e p t f o r I C M B 8 9 1 1 1 . 
H y b r i d Breeding 
F1 Male-sterile Seed Parents 
I n b r e d male-ster i le l ines (A- l ines) have usual ly 
been used as seed parents to p roduce single-cross 
hybr ids in pear l mi l le t . However , because of 
inbreed ing depression, inbred lines have reduced 
g ra in y ie ld and seed-set, and have delayed ma-
t u r i t y compared to less inbred mater ia l . To over-
come the p rob lems of inb reed ing depression, F1 
Male-ster i le L ine (A- l ine ) Breeding 
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F1 
Highest-yielding parental line 
Lowest-yielding parental line a 4 
3 
2 
1 
0 
b 50 
40 
30 
20 
10 
0 
c 55 
50 
45 
40 
35 
d 
2.0 
1.5 
1.0 
0.5 
1 2 3 4 5 6 7 8 9 
Hybrid and parental line groups 
Figure 5. (a) Grain yield at four locations (SE = ± 0.16 t ha - 1), (b) downy mildew incidence at ICRISAT Center (SE= 
±0.16%), (c) time to 50% flowering at three locations (SE = ± 0.4 day), and (d) plant height (SE = ± 0.02m), in nine F, 
male-sterile seed parents and their parental lines. For details of the trial and crosses see Table 11. 
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had parents w h i c h represented the t w o extremes 
o f m a t u r i t y in the t r i a l (43 days to 5 0 % f l ower i ng 
f o r I C M A 2 , and 59 days t o 5 0 % f l o w e r i n g f o r 
862A) . The F1 male-ster i le seed parent , however , 
f l owered on ly f ive days later t han I C M A 2 and 
11 days ear l ier t h a n 862B. T h u s , I C M A 2 x 862B 
can be used f o r p roduc ing three-way hybr ids 
w i t h ear ly po l l i na to rs that f lower t oo early to be 
used on 862A. 
M o s t of the F1 seed parents tended to be as 
resistant to DM as the i r most resistant parenta l 
l ine ( F i g . 5b). Where b o t h parents were suscepti­
ble to DM (e.g., I C M A 2 and 862A) , the F 1 
male-ster i le seed parent was s ign i f icant ly less 
susceptible t h a n either o f its parenta l l ines. A l l 
the F, seed parents f lowered as ear ly as or earl ier 
t han the i r ear l ies t - f lower ing parenta l l ine (F i g . 
5c) and mos t of the F1 seed parents were s ign i f i ­
can t l y ta l ler t h a n the i r tal lest paren ta l l ine ( F i g . 
5d) . Th is increase, b o t h in earliness and height in 
the F1 is because of the e l im ina t i on of the effects 
of i nb reed ing depression, w h i c h causes late 
f l owe r i ng and reduc t ion in height . The increase 
in height may impose some l i m i t a t i o n on the use 
o f shor t -s ta tured po l l i na to rs in the p r o d u c t i o n 
o f three-way hybr ids , compared to thei r use in 
the p r o d u c t i o n o f single-cross hybr ids on inbred 
A- l i nes . Howeve r , we w o u l d no t expect any 
increase in the height o f hybr ids p roduced by an 
F1 male-ster i le l ine , compared to the hybr ids 
p roduced by its tal lest paren ta l l ine. A l t h o u g h 
the da ta were no t recorded, a l l the F1 seed par ­
ents appeared to have better seed-set t han the 
best paren ta l A - l i ne wh i ch shou ld result in 
h igher yields. 
A l l the F, male-ster i le seed parents were c o m ­
plete ly ster i le, except f o r I C M A 2 x 862B wh ich 
had a l o w f requency ( < 5 % ) of po l len shedders. 
We selected three F1 male-ster i le seed parents 
( I C M A 88004 x 863B, I C M A 88006 x 863B, and 
I C M A 2 x I C M B 89111) f o r tests o f the commer ­
c ia l v i a b i l i t y of F1 male steriles f o r the p roduc ­
t i o n o f three-way hybr ids . We w i l l also use t w o 
of these ( I C M A 88004 x 863B, and I C M A 2 * 
I C M B 89111) and an add i t i ona l F1 male-steri le 
seed parent ( I C M A 2 x 862B) to s tudy the per­
f o rmance o f three-way hybr ids in compar i son to 
the single-cross hybr ids made on the i r parenta l 
Strategy for Breeding D o w n y M i l d e w 
Resistant Hybr ids 
We analyzed the DM resistance data f r o m f o u r 
exper iments to examine the re lat ionship between 
the resistance and suscept ib i l i ty of parenta l l ines 
and thei r F, hybr ids . In each exper iment the 
crosses have been d iv ided in to resistant * sus­
cept ible (where parents d i f fered s igni f icant ly fo r 
percentage of symptomless plants, Table 12) and 
resistant x resistant groups (where parents d id 
no t d i f fe r s ign i f icant ly , Tab le 13). 'Resis tant ' is 
used in a relat ive sense; a moderate ly resistant 
parent was considered resistant in cross c o m b i ­
na t ion w i t h h igh ly susceptible parent and sus­
cept ib le in a cross c o m b i n a t i o n w i t h h igh ly resis­
tan t parent . Parents d i f fered less in magni tude in 
exper iments 1, 2, and 3 than in exper iment 4, 
where the dif ferences between the parents were 
very obv ious . 
Resistant x Susceptible Crosses 
In these crosses we have calcu lated the d o m i ­
nance percentage of the F1 re lat ive to the most 
resistant parent (Table 12). F o r example , i f the 
dominance is 100%, then the F1 is as resistant as 
the most resistant parent , wh i le i f the dominance 
is - 1 0 0 % , the F, is on ly as resistant as the most 
susceptible parent . Dominance is 0% when the 
F1 equals the mid -paren t value. Values above 
100% occur when the F, is more resistant t h a n 
the resistant parent . In the f i rst three exper i ­
ments the F1s and the most resistant parents 
were usual ly stat ist ical ly s imi la r in thei r disease 
resistance. In on ly one case ( in exper iment 1) d id 
the F1 d i f fe r s ign i f icant ly f r o m the most resistant 
parent . Consequent ly , the average dominance 
percentage was h igh (101%). In f ive cases the 
dominance of the F1 exceeded 100%. These 
except ions f r o m the t rend o f pa r t i a l o r f u l l d o m -
A- l ines ( I C M A 2 , 862A, 863A, and I C M A 
88004). 
Hybrid Testing 
64 Pearl Millet 
T a b l e 1 2 . D o w n y m i l d e w res is tance a n d p e r c e n t a g e o f d o m i n a n c e i n res is tan t x suscep t ib le crosses i n 
f o u r e x p e r i m e n t s , I C R I S A T C e n t e r , 1 9 8 7 - 1 9 8 9 . 
Cross 1 
E x p e r i m e n t 11 
7042 x I C M P 451 
7042 x 9 0 / 4 - 5 
J 1 0 4 x I C M P 451 
J 104 x 9 0 / 4 - 5 
I C M P 85410 x I C M P 451 
P 7 x l C M P 451 
S E 
E x p e r i m e n t 21 
8 4 3 A x l C M P 85410 
8 6 2 A x I C M P 87913 
8 4 3 A x I C M P 851018 
S E 
E x p e r i m e n t 3 1 
8 1 B * 8 5 2 B 
8 1 B x 8 9 1 1 1 B 
8 8 0 0 6 B x 8 6 3 B 
843B x 89111B 
S E 
E x p e r i m e n t 4 1 
P7x7042 
P7 x J104 
700651 x 7042 
700651 x J 1 0 4 
S E 
S y m p t o m l e s s p l a n t s (%)2 
P S 3 
30 
30 
4 1 
4 1 
52 
52 
45 
65 
45 
51 
51 
65 
55 
10 
7 
11 
15 
P R 3 F1 
5 2 51 
66 46 
52 52 
66 63 
72 78 
71 73 
± 3 . 5 
77 79 
80 84 
60 58 
± 5 . 5 
81 73 
84 84 
79 85 
84 76 
± 5 . 6 
87 79 
82 78 
84 80 
82 82 
± 3 . 6 
D i f f e r e n c e be tween 
F1 a n d m o s t resis-
t a n t pa ren t 3 
1 
- 2 0 
0 
- 3 
6 
2 
2 
4 
- 2 
- 8 
0 
6 
- 8 
- 8 
- 3 
-4 
0 
D o m i n a n c e 
(%) 
+91 
- 1 1 
+100 
+76 
+160 
+121 
+113 
+153 
+73 
+47 
+100 
+186 
+45 
+79 
+89 
+89 
+100 
1 . E x p e r i m e n t 1 : I C R I S A T C e n t e r d o w n y m i l d e w n u r s e r y , r a i n y s e a s o n 1989 a n d g r e e n h o u s e s c r e e n , 1989 . 
E x p e r i m e n t 2 : I C R I S A T C e n t e r d o w n y m i l d e w n u r s e r i e s r a i n y seasons 1988 a n d 1989 . 
E x p e r i m e n t 3 : I C R I S A T C e n t e r d o w n y m i l d e w n u r s e r y , r a i n y season 1989. 
E x p e r i m e n t 4 : T h r e e g r e e n h o u s e sc reens , J a n - A p r 1987. 
2 . D a t a a re a r c s i n e - t r a n s f o r m e d s q u a r e r o o t s o f o r i g i n a l p e r c e n t a g e d a t a . 
3 . PS = s u s c e p t i b l e p a r e n t ; PR = r e s i s t a n t p a r e n t . 
inance may be due to genetic di f ferences between 
crosses, bu t most l i ke ly are due to exper imen ta l 
e r ro r in th is d i f f i cu l t - to -measure character. In 
none o f the examples o f numer i ca l l y super io r 
pe r fo rmance of F, over the more resistant par -
ent , does the F, d i f fe r s ign i f i can t ly f r o m this 
parent , so the da ta do not ind icate tha t o v e r d o m -
inance occurs. 
The f o u r t h exper imen t d i f fe red f r o m the o t h ­
ers, in t ha t , h igh ly resistant ma te r ia l was crossed 
w i t h h igh ly susceptible ma te r ia l . The F , h y b r i d 
in these c i rcumstances is no t l i ke ly to be more 
resistant t han the most resistant parent ; conse­
quen t l y ove rdominance is no t expected. The 
degree of dom inance in the f o u r crosses was 
between 7 9 - 1 0 0 % , w h i c h imp l ies tha t the d o m i -
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Conclusion 
We conc lude tha t in most cases a h y b r i d w i l l be 
as resistant as the most resistant parent. Th is 
means that i t is not always necessary fo r b o t h 
parents of a h y b r i d to be resistant. However , 
because there is evidence that in occasional 
crosses the F1 can be considerably more suscep­
t ib le than the most resistant parent , i t is always 
necessary to t ho rough l y screen the hyb r i d and its 
parents. I f , however, bo th parents are resistant, 
we have no example of the hybrid being susceptible. 
P l a n t I m p r o v e m e n t : 
I C R I S A T S a h e l i a n Center 
The breeding subprogram of the Pearl M i l l e t 
Imp rovemen t P rog ram at I S C , has uni ts that are 
responsible f o r breeding mi l le t fo r the southern 
Sahel ian zone (300-700 mm annua l ra in fa l l ) and 
f o r the t rans i t i on zone (700-900 m m ) plus a 
reg ional breeding un i t tha t is responsible for the 
c o o r d i n a t i o n of ou r regional t r ia ls and nurseries. 
The breeding subprogram also hosts a team of 
t w o geneticists f r o m the Ins t i tu t francais de 
recherche scient i f ique pou r le developpement en 
coopera t i on ( O R S T O M ) that investigates the 
o r ig in and domest ica t ion of pear l mi l le t . 
Evolutionary Genetics 
of Pennisetum 
D u r i n g 1989 the O R S T O M team cont inued to 
invest igate the genetic d ivers i ty in cu l t ivated 
pear l m i l le t (Pennisetum glaucuni) and w i l d 
mi l le t (P. violaceum) and the genetic barr iers to 
na tu ra l crossing between these t w o botan ica l 
f o rms . 
M o r p h o l o g i c a l and Enzymat ic Analysis 
of P. violaceum 
We extended studies on P. violaceum accessions 
f r o m locat ions i n M a u r i t a n i a and Niger w i t h 
accessions f r o m C h a d (20 samples), N ige r ia (4) , 
Resistant x Resistant Crosses 
In the resistant x resistant crosses a l l of the F1 
mater ia l was resistant (Tab le 13). In three cases 
( o u t of 15) the F1 was s ign i f icant ly better t han 
the most resistant parent . 
nance of resistance is comple te or near ly c o m -
plete in these f o u r crosses. 
T a b l e 1 3 . D o w n y m i l d e w res is tance i n res is tant 
x r e s i s t a n t crosses i n t h r e e e x p e r i m e n t s , I C R I -
S A T C e n t e r , 1 9 8 9 . 
Cross 1 
E x p e r i m e n t 11 
I C M P 85410 x 9 0 / 4 - 5 
P7 x 9 0 / 4 - 5 
I C M P 85410 x P310 
I C M P 85410 x P1449 
P7 x P310 
P7 x P1449 
S E 
E x p e r i m e n t 2 1 
8 6 3 A x l C M R 87003 
8 4 1 A x I C M P 423 
8 8 0 0 4 A x I C M R 87003 
81A x I C M P 84122 
8 1 A x I C M P 451 
S E 
E x p e r i m e n t 3 1 
88004B x 89111B 
5 0 5 4 B x 8 5 2 B 
8 8 0 0 4 B x 8 6 3 B 
1163Bx89111B 
S E 
S y m p t o m l e s s 
p lan ts (%)2 
P 1 2 
72 
71 
72 
72 
71 
71 
83 
80 
79 
61 
63 
85 
87 
85 
76 
P22 
66 
66 
75 
74 
75 
74 
± 3 . 5 
83 
82 
83 
70 
70 
± 5 . 5 
84 
81 
79 
84 
± 5 . 6 
F1 
82 
76 
81 
80 
84 
82 
89 
79 
90 
63 
65 
90 
87 
79 
81 
D i f f e rence 
he tween F1 
and most 
resistant 
parent 3 
10 
5 
6 
6 
9 
8 
6 
- 3 
7 
- 7 
- 5 
5 
0 
- 6 
- 3 
1. See f o o t n o t e 1 o f T a b l e 12. 
2. P1 = p a r e n t 1; P2 = p a r e n t 2. 
3 . D a t a a re a r c s i n e - t r a n s f o r m e d s q u a r e r o o t s o f o r i g i n a l 
p e r c e n t a g e d a t a . 
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and Sudan (10). We also con t i nued enzymat ic 
compar i sons o f the cu l t i va ted and w i l d mi l le ts , 
us ing 14 samples f r o m Chad and 11 ear ly -
m a t u r i n g accessions f r o m M a l i . 
Observa t ions on t ime to f l o w e r i n g and several 
m o r p h o l o g i c a l characters were made in a nu r ­
sery sown on 1 June 1989. D a t a ob ta ined i n d i ­
cated tha t the w i l d mi l le t accessions o f Chad and 
Sudan are t r u l y w i l d (because of the absence of 
the invo luc re pedicel and grains comple te ly 
covered by g lume) . W i l d mi l le t f r o m these t w o 
count r ies d i f fe red f r o m w i l d accessions f r o m 
other count r ies in terms o f increased p lan t 
he ight , reduced t i l l e r ing , and later f l ower ing . 
O u r results suggest that photoper iod-sens i t ive 
w i l d m i l l e t may occur f requent ly in Chad and 
Sudan. 
The enzymat ic analysis, us ing the same eight 
enzymes repor ted in prev ious years ( l C R l S A T 
A n n u a l Repo r t 1987, p. 111) , also ind ica ted tha t 
the w i l d mi l le ts f r o m Chad and Sudan are dis-
t i nc t l y d i f fe ren t f r o m other w i l d mi l le ts , pa r t i cu -
la r ly f o r a specif ic allele of the enzyme a lcoho l 
dehydrogenase. The w i ld accessions f r o m C h a d 
and Sudan add a new d ivers i ty to the w i l d gene 
p o o l tha t makes i t s ta t is t ica l ly equ iva len t to t ha t 
of cu l t i va ted mi l le t gene p o o l : Tab le 14 shows 
near ly equal ranges of genetic d ivers i ty ( N e i 
i ndex) over a l l regions. In eastern A f r i c a , in c o n -
t ras t , the d ivers i ty in w i l d mi l le ts is greater t h a n 
that in cu l t i va ted pearl mi l le ts . 
We pe r fo rmed a p r i nc ipa l c o m p o n e n t analysis 
o f the 46 al lel ic frequencies govern ing eight d i f -
ferent enzymes s tud ied. A b ivar ia te p lo t of the 
f i rs t t w o p r i nc ipa l components shows that the 
cu l t i va ted and w i l d f o rms fa l l i n to t w o groups 
whose diversi t ies are quan t i t a t i ve l y equiva lent 
bu t qua l i t a t i ve l y d i f fe rent . The to ta l d ivers i ty in 
the w i l d and cu l t i va ted mi l le ts was more t h a n the 
d ivers i ty present in ei ther o f these t w o groups. 
The d ivers i ty observed in the w i l d mi l le ts d i d no t 
exp la i n the nature o f d ivers i ty present in the 
cu l t i va ted mi l le ts . There fore we believe that the 
d o m e s t i c a t i o n o f the w i l d species and its i n t r o -
d u c t i o n i n t o new env i ronments have created new 
d ivers i ty in the cu l t i va ted mi l le ts . As a conse-
quence, enzymat ic d ivers i ty is p r o b a b l y pa r t i a l l y 
governed by na tu ra l select ion. 
T a b l e 1 4 . N e i i n d i c e s , i n w i l d a n d c u l t i v a t e d 
m i l l e t s f r o m v a r i o u s l o c a t i o n s i n S a h e l i a n A f r i c a , 
b a s e d o n p o l y m o r p h i s m s i n e i g h t e n z y m e s , 
O R S T O M , I S C , N i g e r , 1 9 8 9 . 
R e g i o n 
Senegal 
M a u r i t a n i a 
W e s t e r n M a l i 
Eas te rn M a l i 
N i g e r , p a s t o r a l zone 
N i g e r , a g r i c u l t u r a l zone 
C h a d 
S u d a n 
T o t a l ( i g n o r i n g r eg ion ) 
S E 
N e i d i ve rs i t y i n d e x 1 
W i l d 
m i l l e t 
0.189 
0.193 
_2 
0.2403 
0.240 
0.243 
0.229 
0.251 
±0.0030 
C u l t i v a t e d 
m i l l e t 
0.248 
0.214 
0.225 
0.212 
0.244 
0.2274 
0.244 
±0.0037 
1 . N e i d i v e r s i t y i n d e x i s a m e a s u r e o f t h e a v e r a g e l e v e l o f t h e 
h e t e r o z y g o s i t y , a l o w e r v a l u e i n d i c a t i n g a l o w e r l e v e l o f 
h e t e r o z y g o s i t y . 
2 . - = D a t a n o t a v a i l a b l e . 
3 . W i l d m i l l e t s o f e a s t e r n M a l i a n d t h e p a s t o r a l z o n e o f 
N i g e r a re c o n s i d e r e d a s o n e g r o u p . 
4 . C u l t i v a t e d m i l l e t s o f C h a d a n d S u d a n a re c o n s i d e r e d a s 
o n e g r o u p . 
The cu l t i va ted pear l m i l l e t c luster shows a 
un ique assoc ia t ion w i t h the w i l d m i l l e t cluster i n 
western M a l i and M a u r i t a n i a (note smallest 
m a r g i n a l values in Tab le 15). Fa r the r f r o m this 
reg ion , the genetic d istance between these t w o 
f o r m s increases w i t h the m a x i m u m at ta ined in 
Sudan and C h a d . Th is is also suppor ted by the 
obse rva t i on of the large distances associated 
w i t h the w i l d Sudan g r o u p . I t seems tha t the 
m a i n center o f domes t i ca t ion o f cu l t i va ted mi l l e t 
i s i n M a u r i t a n i a and western M a l i . Th is w o u l d 
requ i re a rev is ion of the noncenter hypothesis 
f o r pear l mi l le t proposed by H a r l a n . 
Recent analysis has ind ica ted a ' d i s con t i nu i t y ' 
i n the cu l t i va ted mi l le ts o f western M a l i and 
those east of the cent ra l N iger del ta . Th is d i scon­
t i n u i t y agrees we l l w i t h the hypothesis tha t m i l le t 
was f i rs t domest icated i n M a l i . To fu r the r c o n ­
f i r m these results w i t h a d d i t i o n a l samples, we 
Genetic Barriers Between Cult ivated 
and W i l d Mi l le ts 
Because the existence of m o r p h o l o g i c and enzy­
ma t i c divergence between the cu l t ivated and 
w i l d mi l le ts f r o m w i t h i n a geographica l reg ion 
was surp r i s ing in these a l logamous species, we 
in i t i a ted studies to unders tand the mechanisms 
that ma in ta i n this divergence. 
We conduc ted a s tudy to compare the syn­
ch rony o f f l owe r i ng between the w i l d and cu l t i ­
va ted mi l le ts in September 1989 at three sites in 
the K e i t a reg ion o f N iger . A t each site we 
observed one w i l d mi l le t p o p u l a t i o n and t w o 
cu l t i va ted m i l l e t f ie lds to compare f l owe r i ng in 
these t w o fo rms . Seventy percent o f the p lants in 
the cu l t i va ted m i l l e t f ie lds were f o u n d to be t rue 
to type and 7 7 % p lants i n the w i l d m i l l e t popu la ­
t ions c o n f o r m e d to the w i l d mi l le t type. The 
p lants tha t d i d no t c o n f o r m to ei ther o f these 
f o rms were shibras — the in termediate f o r m . 
P lants in each g r o u p were classif ied based on 
vegetat ive deve lopment : t i l l e r i ng , heading, ap­
pearance of st igmas, anthesis, g ra in f i l l i ng , and 
m a t u r i t y . The degree of coincidence in the dis­
t r i b u t i o n of these pheno log ica l stages was ca lcu­
lated us ing the Gregor ius distance. The degree of 
coinc idence fo r f l ower ing w i t h i n the cu l t ivated 
mi l le ts was 9 0 % and between the cu l t iva ted and 
w i l d mi l lets was 77%, ind ica t ing that the d i f fer ­
ence in f l ower ing t ime between these t w o fo rms 
does no t f o r m an adequate barr ier to prevent 
in tercrossing. The relat ively h igh f requency o f 
hybr ids between cu l t ivated and w i l d mi l le ts , 
wh i ch we observed, should therefore have a l ­
lowed a t o ta l i n t e r m i x i n g of the t w o fo rms , over 
a long per iod . 
The f o r m a t i o n o f shr ivel led grains in the 
crosses between cu l t ivated (female) x w i l d (male) 
mi l le ts appears to be an impo r t an t factor in the 
i so la t ion of the t w o fo rms. In a cross between the 
cu l t i va ted pearl mi l le t var ie ty H K P f r o m Niger , 
and M e n a k a , a w i l d pearl mi l le t f r o m the 
A z a o u a k val ley in M a l i , we observed grains tha t 
were shr ivel led and defect ive, par t i cu la r l y in the 
scute l lum of the embryo . These had a 1000-grain 
mass tha t was two- th i rds tha t o f n o r m a l grains 
and reduced germina t ion percentage (Table 16). 
We are invest igat ing the f requency of the occur­
ence of this phenomenon using a series of cu l t i ­
vated x w i l d mi l le t crosses; p re l im ina ry observa­
t ions ind icate that the phenomenon is w ide ­
spread. The degree of shr ive l l ing depends on the 
cu l t i va ted genotype and the env i ronmen ta l c o n ­
d i t i ons d u r i n g f l o w e r i n g / g r a i n deve lopment . 
W h e n plants were po l l i na ted in M a y , the seeds 
recent ly u n d e r t o o k a miss ion to col lect w i l d and 
cu l t i va ted mi l le ts i n M a l i . 
T a b l e 1 5 . N e i d i s t a n c e s , b a s e d o n p o l y m o r p h i s m s i n e ight d i f f e r e n t e n z y m e s , b e t w e e n v a r i o u s geo-
g r a p h i c c o l l e c t i o n s o f w i l d a n d c u l t i v a t e d m i l l e t , O R S T O M , I S C , N i g e r , 1 9 8 9 . 
C u l t i v a t e d m i l l e t 
W e s t e r n M a l i 
Eas te rn M a l i 
M a u r i t a n i a 
Senega l 
N i g e r 
C h a d a n d S u d a n 
T o t a l 
W i l d m i l l e t 
Senegal 
0.237 
0.111 
0.207 
0.361 
0.255 
0.550 
1.721 
N i g e r zone 
Pas to ra l 
0.281 
0.421 
0.317 
0.583 
0.436 
0.818 
2.856 
A g r i c u l t u r a l 
0.246 
0.256 
0.190 
0.385 
0.229 
0.555 
1.861 
C h a d 
0.168 
0.334 
0.352 
0.462 
0.298 
0.599 
2.213 
S u d a n 
0.493 
0.822 
0.646 
0.884 
0.688 
0.953 
4.486 
T o t a l 
1.425 
1.944 
1.712 
2.675 
1.906 
3.475 
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T a b l e 1 6 . M a s s a n d g e r m i n a t i o n o f g r a i n s f r o m 
t h e cross H K P ( c u l t i v a t e d m i l l e t ) x M a n e k a 
( w i l d m i l l e t ) , O R S T O M , I S C , N i g e r , 1 9 8 9 . 
Cross 
H K P x H K P 
H K P x M e n a k a 
N u m b e r 
o f 
panic les 
14 
20 
G r a i n 
mass1 
( m g g r a i n - 1 ) 
6.51 ± 1.38 
4.05 + 0.70 
G e r m i n a -
t i o n 1 2 
(%) 
89.2 ± 14.2 
36.0 ± 15.4 
1 . M e a n ± s t a n d a r d d e v i a t i o n . 
2 . I n p e t r i d i shes i n a m b i e n t c o n d i t i o n s . 
Variety Breeding 
Popula t ion I m p r o v e m e n t 
We use recurrent select ion to i m p r o v e c o m p o ­
sites and p roduce a range of genetic p roduc ts . 
We are genera l ly us ing an S1 select ion m e t h o d 
tha t takes 4 5 c rop seasons per cycle, and 
involves mu l t i l oca t i ona l progeny test ing. The S1 
select ion scheme ( l C R I S A T A n n u a l Repor t 
1985, p. 111) involves de r i v ing S1 progenies by 
se l l ing ha l f -s ibs , test ing these in rep l icated y ie ld 
t r ia ls a t one to t w o loca t ions and in var ious 
screening nurseries to select super ior progenies 
fo r p r o d u c i n g the next cycle of the compos i te . 
Eva lua t i on of the progenies fo r stand establ ish­
ment and DM react ion i s inc luded a t hal f -s ib o r 
S1 p rogeny eva lua t ion . Selected progenies are 
used in the deve lopment of var iet ies and as p o l l i ­
nators in inbred x var iety hybr ids . 
O u r sou the rn Sahel ian zone breeding un i t 
conduc ted a compos i te bu l ks t r i a l at Sadore and 
T a r n a to iden t i f y gene pools f o r recurrent selec­
t i o n . Ma te r ia l s tested inc luded f ive gene pools 
developed by the fo rmer Ins t i t u t na t iona l de 
recherches ag ronomiques d u N ige r ( I N R A N ) -
I C R I S A T Coope ra t i ve P r o g r a m , C o m p o s i t e 
I S C 8 5 1 , the Large Seeded Gene P o o l ( f r o m 
I C R I S A T Center ) , and t w o c o n t r o l var iet ies. 
Based on measurements of var ious characters 
and on v isual assessment, we have reta ined gene 
poo ls I N M G - 1 and I N M G - 3 . These t w o c o m p o ­
sites had yields s im i la r to those of the con t ro ls , 
f l owe red i n 6 0 days, and had on l y 10% D M 
( recorded b y the pa tho log is t i n the D M nursery 
at Bengou) . 
In o u r reg iona l breeding un i t , we comple ted 
three generat ions o f r a n d o m m a t i n g on three 
compos i tes , f o r m e d f r o m ge rmp lasm evaluated 
in 1986 and 1987. The Ear l y M a t u r i t y C o m p o ­
site was cons t i t u ted f r o m 84 advanced selections 
f r o m ou r f o r m e r Ins t i tu te f o r A g r i c u l t u r a l Re­
search ( I A R ) - I C R I S A T coopera t ive p r o g r a m i n 
N iger ia . These selections ma tu red in 75-90 days 
and o r ig ina ted f r o m crosses i n v o l v i n g N iger ian 
and West A f r i c a n parents. The selections, t hough 
var iab le f o r several p lant characters, had a lower 
inc idence o f D M t h a n the c o n t r o l C 1 V T . W e 
p lan to use the S1 recurrent select ion scheme to 
i m p r o v e th is compos i te and der ive variet ies f o r 
test ing. The M e d i u m M a t u r i t y Compos i te was 
cons t i tu ted f r o m 240 S1 progenies der ived f r o m 
35 accessions col lected in n o r t h e r n Niger ia . The 
progenies m a t u r e d in 90 -110 days and were 
character ized by compac t panicles and synchro­
nous t i l l e r i ng . We p lan to use g r idded mass selec­
t i o n ( G M S ) t o i m p r o v e th is compos i te . The 
L o n g Earhead Compos i te was f o r m e d w i t h 312 
S,s f r o m 30 ea r l y -ma tu r i ng accessions f r o m 
N ige r ia and Niger . A l l the l ines chosen had p a n i -
cles that measured no less t h a n one- th i rd of the 
p lan t height . We w i l l also use G M S to improve 
this compos i te . 
In the sou thern Sahel ian zone breed ing un i t , 
we der ived 1000 half-sibs f r o m ou r In ter Var ie ta l 
Compos i t e I S C 851 (assembled f r o m 193 F1s 
i n v o l v i n g 40 variet ies and adapted landraces 
f r o m West A f r i c a , I C R I S A T A n n u a l Repor t 
1987, p. 113); these were sown in the 1989 d r y 
season to p roduce S1s. On the basis o f t ime to 
f l o w e r i n g , p lan t he ight , panic le leng th , and v i su ­
al scores, 896 S1s were selected f r o m abou t 700 
hal f -s ib progenies. 
were m o r e severely shr ive l led t han when p o l l i ­
nated in November . The source (geographic 
o r i g in ) o f the w i l d mi l le t po l len does not appear 
to in f luence the shr ive l l i ng . In a d d i t i o n , we are 
s tudy ing the effects o f po l len compe t i t i on and 
degree o f r e c o m b i n a t i o n i n the cu l t i va ted x w i l d 
hybr ids . 
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These 896 S1 progenies were evaluated in 
1989, a long w i t h three con t ro ls ( C I V T , P3 K o l o , 
H K P ) and the C 0 composi te bu l k . We selected 
354 progenies fo r a second stage of S1 test ing 
( I C R I S A T A n n u a l Repor t 1985, p . 111) , based 
on t ime to f l owe r i ng , p lant height , panic le length 
and D M incidence. W e e l iminated progenies 
tha t showed > 1 5 % D M and < 8 0 % o f panic le 
y ie ld of the C0 compos i te bu l k . Panic le y ie ld and 
DM incidence f o r a l l S 1 progenies and f o r those 
selected are shown in Tab le 17. 
I K M P - 1 , a 135-day var ie ty , was bred by ou r 
t rans i t i on zone breeding un i t in 1983 by the 
r e c o m b i n a t i o n of 18 selected progenies f r o m an 
eva lua t ion of 395 S1 progenies der ived f r o m 1112 
panicles o f loca l cu l t ivars selected f r o m fa rmers ' 
f ie lds in cent ra l B u r k i n a Faso. I K M P - 1 has been 
recommended fo r ex tens ion i n the 700-900 mm 
ra i n fa l l zone o f B u r k i n a Faso fo r n o r m a l sowing 
dates. We have in i t ia ted a fu r the r improvemen t 
in th is p o p u l a t i o n , f o r increased panicle length 
and reduc t i on in days to m a t u r i t y . A t o ta l of 760 
S, progenies was evaluated at Samanko in the 
1989 ra iny season, and 132 entr ies were selected 
based on y ie ld and v isual assessment. Several 
p lants were selfed in selected p lo ts , and the 
resu l t ing S2 progenies w i l l be fu r the r tested in 
repl icated t r ia ls to iden t i f y l ines f o r m a k i n g 
variet ies. 
O u r t rans i t i on zone breeding un i t composi te 
I K M 8 5 / 8 6 / R P l was bred i n 1986 b y r e c o m b i n -
T a b l e 1 7 . P a n i c l e y i e l d a n d d o w n y m i l d e w 
( D M ) i n c i d e n c e o f S 1 p r o g e n i e s o f I S C c o m p o -
site 8 5 1 , S a d o r e , N i g e r , r a i n y season 1 9 8 9 1 . 
P a n i c l e y i e l d 
C h a r a c t e r ( k g ha - 1 ) 
A l l p rogen ies (856) 
Range 2 0 5 - 4 3 7 1 
M e a n + S D 1 1741± 572 
Selected progen ies (354) 
Range 1094-4371 
M e a n ± S D 1 2097± 467 
D M ( % ) 
0 - 9 6 
16±20.8 
0 - 1 5 
4 ± 4 . 4 
1 . S t a n d a r d d e v i a t i o n . 
i ng progenies of 29 la te - f lower ing F4 l ines f r o m a 
cross between Kapelga, a photoper iod-sens i t ive, 
l a te -matu r ing cu l t ivar f r o m Bu rk ina Faso, and 
GT-85 , an ear l y -matu r ing In iad i mi l le t f r o m 
T o g o . l K M - 8 5 / 8 6 / R P 1 had a s imi lar y ie ld , 
lower DM in fec t ion (18% vs 41%) and longer 
panicle length than Kapelga. We in i t ia ted recur­
rent select ion in this composi te to improve yie ld 
and reduce the range in t ime to f l ower ing , w i t h 
6000 spaced plants sown in the DM nursery a t 
Kambo inse in 1987. Selfed seed was harvested 
f r o m 450 selected p lants. These were evaluated 
as S1 p rogeny rows at Samank o in the 1989 
season, f r o m wh ich 149 selfed plants were re­
ta ined based on panicle leng th , t i l le r number , 
and v isual assessment. 
We mu l t i p l i ed seed in i so la t ion f o r varieties 
SOSAT-C88 and SOSAP-S88, developed through 
coopera t ive recurrent select ion in the M a l i a n 
Compos i te Souna x Sanio ( I C R I S A T A n n u a l 
R e p o r t 1987, p. 113), f o r f u r t he r test ing b o t h at 
C inzana and Sadore. At Sadore, we have noted 
considerable va r ia t i on in the var iety S O S A T -
C88 f o r panic le length (coef f ic ient o f va r i a t i on 
[ C V ] o f 23%) and panic le c i rcumference ( C V o f 
14%), bu t a re la t ive ly u n i f o r m p lan t he ight ( C V 
of 8%; al l da ta based on 67 observat ions) . We 
harvested hal f -s ibs f r o m the i so la t ion p lo t to 
select u n i f o r m progenies in the f o l l o w i n g d ry and 
ra iny seasons at C inzana and Sadore. Var ie ty 
S O S A P - S 8 8 w i l l be fu r ther evaluated in our 
advanced var iety, and pos t f lower ing d rough t t o l ­
erance t r ia ls next year. 
C o o p e r a t i o n w i t h N a t i o n a l 
P r o g r a m s 
I C R I S A T C e n t e r 
S u p p l y o f B r e e d i n g M a t e r i a l s 
In 1989 we sent 6034 seed samples to 13 countr ies 
(Tab le 18). M o s t of these lines were nursery or 
t r i a l entr ies. The t r ia ls were the Pear l M i l l e t 
Ear ly Advanced P o p u l a t i o n T r i a l , the Pearl 
M i l l e t Advanced H y b r i d T r i a l , the Pear l M i l l e t 
Restorer L ines Nursery , the Pear l M i l l e t B-L ine 
Nurse ry , the Male-s ter i le L ines T r i a l , and ou r 
t w o E l i t e P r o d u c t s Nurse r ies , E L P N - 1 a n d 
E L P N - 2 . 
Disease Nurseries 
A I C P M I P Trials 
We eva luated 256 test entr ies in e ight A I C P M I P 
t r ia ls and nurseries a t I C R I S A T Center f o r the i r 
react ions t o D M . U n d e r the u n i f o r m l y h igh d is­
ease pressure tha t occur red th is year, on l y 2 0 % 
o f the entr ies tha t were e i ther free f r o m D M o r 
had < 5 % DM- in fec ted plants. Several test entries 
had > 9 5 % D M incidence. 
Of the 241 entr ies that were evaluated f o r 
smu t , on l y one en t ry , I C M S R 217, was c o m ­
pletely smut- f ree. Howeve r , m a n y entries had 
h i g h levels o f smut resistance ( < 1 0 % ) , w h i c h is 
p r o m i s i n g i f these levels are c o n f i r m e d . 
International Nurseries 
The In te rna t i ona l Pear l M i l l e t D o w n y M i l d e w 
Nurse ry w i t h 26 test entr ies was evaluated at f ive 
loca t ions i n I n d i a and f o u r loca t ions i n West 
A f r i c a . There were h igh levels o f D M i n C i n -
zana, M a l i , Bengou and Sadore , N ige r , and l o w 
levels a t A u r a n g a b a d and G w a l i o r , in I n d i a . 
H i g h levels o f D M resistance were c o n f i r m e d i n 
t w o entr ies — P 1449-3 and P 310-17 — at a l l 
loca t ions . T w o po l l i na to rs f r o m I C R I S A T Cen ­
ter , I C M P 423 and B S E C T C P 1 C 2 , also had 
h igh levels o f resistance in most o f the locat ions. 
Variet ies for N a t i o n a l Tr ia ls 
We con t r i bu ted 18 entr ies to A I C P M I P t r ia ls in 
1989. Of these, e ight were hyb r i ds and 10 were 
open-po l l i na ted variet ies. O u t o f eight hybr ids in 
the A I C P M I P t r ia ls six were topcross hybr ids . 
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T a b l e 1 8 . P e a r l m i l l e t seed s a m p l e s d i s p a t c h e d f r o m I C R I S A T C e n t e r b y t h e C e r e a l s P r o g r a m , f r o m 
J a n u a r y t o D e c e m b e r 1 9 8 9 . 
C o u n t r y 
F i j i 
I n d i a 
K e n y a 
K o r e a 
M a l i 
M e x i c o 
N a m i b i a 
R w a n d a 
S u d a n 
U S A 
V i e t n a m 
Z a m b i a 
Z i m b a b w e 
T o t a l 
Breeder 
seed 
0 
462 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
462 
T r i a l s a n d nurser ies 
Sets 
1 
58 
3 
1 
0 
2 
0 
1 
0 
0 
1 
0 
0 
67 
En t r i es 
19 
4096 
82 
10 
0 
28 
0 
17 
0 
0 
0 
4271 
B r e e d i n g T o t a l 
l ines samples 1 
0 19 
1083 5641 
30 112 
0 10 
12 12 
0 28 
1 1 
0 17 
32 3 2 
1 1 
2 21 
73 73 
67 67 
1301 6034 
1 . E x c l u d e s r e p l i c a t i o n s i n t r i a l s a n d n u r s e r i e s . 
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As in p rev ious years, many test entr ies showed 
considerable differences i n D M suscept ib i l i ty 
between I n d i a n and West A f r i c a n locat ions, 
p r o b a b l y in response to the presence of d i f ferent 
pathotypes at d i f ferent locat ions. 
T h e I n t e rna t i ona l Pear l M i l l e t Rust Nursery 
w i t h 20 test entr ies was evaluated at three loca-
t ions in I n d i a . Rus t pressure was h igh at K o v i l -
pat t i and Bhavanisagar, and moderate at Au ran -
gabad. There were h igh levels of across- locat ion 
rust resistance in f o u r entries (po ten t ia l restorer 
[ R ] - l i n e s ) , P R L N l / 8 7 - 6 8 4 , P R L N l / 8 8 - 6 5 2 , 
P R L N 1 / 8 8 - 1 0 2 6 , and P R L N l / 8 8 - 1 0 5 9 , and i n 
f i ve accessions i nc l ud ing IP 548 and P24 -1 . 
I C M P 423 and I C M H 423 showed modera te t o 
h i g h suscept ib i l i t y to rust a t the three locat ions. 
Disease Moni tor ing Nursery 
We c o o r d i n a t e d , on behal f o f A I C P M I P , a pear l 
m i l l e t disease m o n i t o r i n g nursery w h i c h c o n ­
ta ined s ix cu l t ivars — BJ 104, BK 560, M B H 
110, I C M H 4 5 1 , I C M V l , and I C M V 4 ( I C M S 
7703) — to assess the prevalence, incidence, and 
severi ty o f D M o n released cu l t ivars . The t r i a l 
was g r o w n by the A l C P M I P Patholog is ts on 16 
research stat ions and n ine fa rmers ' f ie lds. BJ 104 
showed the highest D M suscept ib i l i ty (29% 
mean inc idence; 22 out of 25 locat ions infected), 
f o l l o w e d by BK 560 and M B H 110 (Table 19). 
I C M H 4 5 1 , I C M V 1 , and I C M V 4 had < 5 % 
mean D M inc idence, but d i d record some D M a t 
10-17 of the 25 test locat ions. The results show 
tha t I C M H 451 and I C M V 1 are presently the 
least susceptible of the w ide ly g r o w n cul t ivars 
released by A I C P M I P , in terms o f prevalence, 
inc idence, and severity o f D M . However , as in 
the case of o ther entr ies in the t r i a l , b o t h showed 
modera te inc idence (up to 15%) in some of the 
locat ions. 
Per formance of Released and El i te 
I C R I S A T Varieties 
I n the A I C P M I P W o r k s h o p i n A p r i l 1989, 
I C M V 155 was recommended f o r release f o r 
T a b l e 1 9 . M e a n p r e v a l e n c e a n d i n c i d e n c e o f 
d o w n y m i l d e w ( D M ) o n s ix re leased c u l t i v a r s 
across 2 5 l o c a t i o n s i n I n d i a . A l l I n d i a C o o r d i -
n a t e d P e a r l M i l l e t I m p r o v e m e n t P r o j e c t 
( A I C P M I P ) , r a i n y season 1 9 8 9 . 
C u l t i v a r 
BJ 104 
B K 560 
M B H 110 
I C M H 451 
I C M V 1 ( W C - C 7 5 ) 
I C M V 4 ( I C M S 7703) 
Prevalence 1 
( l oca t i ons ) 
22 
21 
12 
10 
12 
17 
Inc idence 2 
(% p lants) 
29 
11 
12 
2 
3 
5 
1 . N u m b e r o f l o c a t i o n s ( o u t o f 25) w h e r e c u l t i v a r s h a d D M . 
2 . P e r c e n t a g e o f p l a n t s i n f e c t e d a t l o c a t i o n s w h e r e c u l t i v a r s 
h a d D M . 
c u l t i v a t i o n in I nd ia . In 3 years of test ing, in a 
t o ta l o f 89 A I C P M I P t r ia ls , this var iety ou t -
v ie lded I C M V 1 by 12% fo r g ra in and 9% fo r 
stover. I t has the same ma tu r i t y , height , and DM 
resistance as I C M V l. 
There are n o w fou r varieties bred by I C R I ­
S A T that have either been released in Ind ia or 
recommended fo r release by the A I C P M I P 
W o r k s h o p . These are I C M V 1 , I C M V 4 , MP 124 
( I C T P 8203), and I C M V 155. However , these 
variet ies have been tested in d i f ferent years in the 
A I C P M I P t r ia ls , so they can on l y be compared 
w i t h I C M V 1 w h i c h has been a c o n t i n u i n g c o n ­
t r o l i n the t r i a l , and no t compared d i rec t ly w i t h 
each other . We have summar ized the dif ferences 
in t ime to 5 0 % f lower ing and gra in y ie ld in these 
entr ies in re la t ion to t ime to f l owe r i ng and y ie ld 
i n I C M V 1 f r o m the A I C P M I P tr ia ls data (Tab le 
20). 
To ob ta in d i rec t ly comparab le da ta , we tested 
the same variet ies in wel l - repl icated tr ia ls (a m i n ­
i m u m of 12 rep l icat ions per ent ry in any loca­
t i on ) in three locat ions in 1988 and 1989 (Tab le 
21). Va r ious breeder seed stocks of these v a r i ­
eties were tested, bu t we on ly present da ta f o r 
overa l l var ie ty means here. In add i t i on to the 
released variet ies, we also tested I C M V 87901 in 
b o t h years. I C M V 87901, der ived f r o m the 
B S E C , has been commerc ia l l y m u l t i p l i e d and is 
n o w g r o w n i n Maha rash t ra . B o t h l C M V 87901 
and MP 124 have the same m a t u r i t y and s imi lar 
seed size bu t there is no comparab le da ta f o r 
t h e m f r o m the A I C P M l P t r ia ls . W e conc lude 
f r o m the da ta presented in Tab le 21 that o u r 
results are in general agreement w i t h those 
ob ta ined i n the A I C P M I P t r ia ls (Tab le 20). 
Thus : 
I C M V 155, f r o m the A I C P M I P t r ia ls and 
I C R I S A T da ta , is the h ighest -y ie ld ing var­
iety, and is of the same m a t u r i t y as I C M V 1. 
I C M V 4 is super ior to I C M V 1 in y ie ld , and 
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T a b l e 2 0 . C o m p a r i s o n o f t h r e e I C R I S A T v a r i e t i e s w i t h I C M V l ( W C - C 7 5 ) i n A I C P M I P t r i a l s , 
1 9 7 9 - 1 9 8 8 . 
V a r i e t y 
l C M V 4 ( I C M S 7703) 
M P 124 ( I C T P 8203)2 
I C M V 155 ( I C M V 84400) 
Years i n the 
A I C P M I P N u m b e r 
t r i a l o f t r i a l s 
1979-82 134 
1984-86 30 
1986-88 89 
T i m e t o 5 0 % 
flowering 
(days) 
E n t r y 
51.8 
49 .0 
54.6 
I C M V 1 
50.8 
53.6 
54.3 
Y i e l d s u p e r i o r i t y 
ove r I C M V l 
G r a i n 
% F r e q u e n c y 1 
2 0.53 
8 0.50 
12 0.63 
F o d d e r 
% F r e q u e n c y 1 
5 0.37 
- 1 8 0.29 
9 0.70 
1 . P r o p o r t i o n o f t r i a l s i n w h i c h e n t r y i s s u p e r i o r t o I C M V I . 
2 . I n M a h a r a s h t r a a n d A n d h r a P r a d e s h o n l y . 
T a b l e 2 1 . C o m p a r i s o n o f I C R I S A T v a r i e t i e s across t h r e e l o c a t i o n s 1 , r a i n y seasons 1 9 8 8 a n d 1 9 8 9 . 
C o m p a r i s o n 
T w o years ' da ta 
I C M V 1 ( W C - C 7 5 ) 
M P 124 ( I C T P 8203) 
I C M V 87901 
S E 2 
O n e year 's d a t a 
I C M V 1 
I C M V 4 ( I C M S 7703) 
I C M V 155 ( I C M V 84400) 
M P 124 
S E 2 
N u m b e r o f 
T r i a l s 
6 
6 
6 
3 
3 
3 
3 
R e p l i c a t i o n s 
340 
204 
136 
220 
132 
220 
220 
A l l l o c a t i o n s 
G r a i n y i e l d 
( t ha - 1 ) 
2.35 
2.26 
2.54 
±0.079 
2.30 
2.40 
2.73 
2.17 
±0.110 
T i m e t o 5 0 % 
f l o w e r i n g 
(days) 
48 
47 
51 
±0.4 
52 
50 
51 
48 
±0.7 
I C R I S A T Cen te r 
G r a i n y i e l d 
( t ha - 1 ) 
2.40 
2.33 
2.60 
±0.010 
2.48 
2.64 
2.93 
2.31 
±0.156 
T i m e t o 5 0 % 
f l o w e r i n g 
(days) 
50 
47 
46 
±0.4 
48 
47 
48 
44 
±0.4 
1 . I C R I S A T C e n t e r w i t h h i g h a n d l o w f e r t i l i t y , a n d H i s a r . 
2 . C o n s e r v a t i v e e s t i m a t e o f S E , based o n l o c a t i o n x v a r i e t y i n t e r a c t i o n , u s i n g t h e m e t h o d o f u n w e i g h t e d m e a n s . 
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c o n t r a r y t o the A I C P M I P da ta , i s somewhat 
ear l ier t han T C M V 1. Th is was con f i rmed in 
an exper iment described be low, and in 42 
t r ia ls conducted by I C R I S AT over three years 
and f ive locat ions where, on average, I C M V 4 
f lowered 1.3 days earl ier t han I C M V l. 
MP 124 is cons iderab ly ear l ier f l owe r i ng than 
I C M V 1 . I n the I C R I S A T t r i a l i t d id not 
ou ty ie ld I C M V 1 in 1988 and 1989, wh i ch , as 
wet ter t h a n average years at I C R I S A T Cen-
ter, favored la te r -matur ing mater ia l . The years 
tha t MP 124 outy ie lded I C M V 1 in the 
A I C P M I P t r i a l , there was below-average 
ra in fa l l . 
F r o m the I C R I S A T t r i a l i n 1988 and 1989, 
I C M V 87901 y ie lded more than M P 124, and 
is of the same m a t u r i t y . Th is has been c o n ­
f i r m e d over three years, across 14 locat ions, 
and in 38 t r ia ls conducted by I C R I S A T and 
I C R I S A T ' s cooperators . I n these tr ia ls I C M V 
87901 y ie lded 13% more g ra in t h a n MP 124 
across the who le c o u n t r y and 19% more g ra in 
i n sou th I n d i a . 
I n 1989, i n e ight rep l icat ions o f I C M V 1 , 
I C M V 4 , M P 124, and I C M V 155, w e tagged 
i n d i v i d u a l p lants as they f l owered . There was no 
ag ronomica l l y s igni f icant di f ference in the f l o w ­
er ing d i s t r i bu t ions o f I C M V 155 and I C M V 1 ; 
b o t h had a t ime to 50% f l ower ing of 49.5 days 
( F i g . 6) , and d i f fe red in overa l l mean by on ly 0.5 
day. I C M V 4 was s ign i f icant ly earl ier t han b o t h 
I C M V 1 and I C M V 155, and MP 124 was the 
earl iest. 
We conc lude tha t I C M V 155 is a h igher-
y i e l d i ng rep lacement f o r I C M V 1, as i t i s in 
exact ly the same m a t u r i t y g roup . However , 
I C M V 4 prov ides an earl ier a l ternat ive to I C M V 
155, and is better adapted to the no r t he rn than to 
the sou thern I n d i a n cond i t i ons . I n the A I C P ­
M I P t r ia ls across the years, i t y ie lded 106% of 
the t r i a l mean in the n o r t h and 103% in the 
sou th . MP 124 is an ea r l i e r -matu r ing , large-
gra ined var ie ty w h i c h is adapted to southern 
I nd ia . We also conclude that newer varieties 
f r o m B S E C , such as I C M V 87901, y ie ld more 
t h a n MP 124 wh i ls t hav ing the same m a t u r i t y 
and comparab le g ra in size. Howeve r , as there is 
Figure 6. Cumulative percentage of flowering in four 
open-pollinated pearl millet varieties, ICRISAT Cen-
ter, rainy season 1989. Figures in parentheses are 
times to 50% flowering. 
no compara t i ve data f r o m A I C P M I P fo r a 
d i rect compar i son between MP 124 and I C M V 
87901 , there is insuf f ic ient da ta on w h i c h to p r o ­
pose the latter 's release as an al ternat ive to MP 
124. 
Supply of Breeder Seed 
We suppl ied 1644 kg of breeder seed of h y b r i d 
parents and variet ies to bo th pr iva te and pub l i c 
sector seed producers (Table 22). Of th is , 673 kg 
was o f h y b r i d parents (81 A / B , 841 A / B , 1 C M P 
4 5 1 , and I C M P 423). A b o u t 429 kg (64%) was o f 
the parents of I C M H 4 5 1 . We suppl ied a t o ta l o f 
915 kg o f variet ies I C M V 1 , I C M V 4 , MP 124, 
I C M V 155, and I C M V 87901. O f th is , 419 k g 
(44%) was o f I C M V 1 , 267 kg (28%) o f MP 124, 
and 106 kg (11%) o f I C M V 87901. 
MP 124 (ICTP 8203) (43.5 days) 
ICMV 4 (ICMS 7703) (47.5 days) 
ICMV 1 (WC-C75) (49.5 days) 
ICMV 155 (ICMV 84400) (49.5 days) 
Time to 50% flowering (days) 
37 40 45 50 55 60 65 70 
100 
80 
60 
40 
20 
0 
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T a b l e 2 2 . Q u a n t i t i e s o f b r e e d e r seed s u p p l i e d 
b y I C R I S A T C e n t e r t o seed p r o d u c e r s d u r i n g 
1 9 8 9 . 
M a t e r i a l 
Paren ts o f I C M H 451 
I C M A 1 ( 8 1 A ) 
I C M B 1 (81 B) 
I C M P 451 
Paren ts o f l C M H 423 
I C M A 841 
I C M B 841 
I C M P 423 
Ma le - s te r i l e l ines 
I C M A 2 ( 8 4 3 A ) 
l C M B 2 ( 8 4 3 B ) 
O p e n - p o l l i n a t e d var ie t ies 
I C M V l ( W C - C 7 5 ) 
I C M V 4 ( I C M S 7703) 
M P 124 ( I C T P 8203) 
I C M V 87901 
I C M V 155 ( I C M V 84400) 
T o t a l 
Q u a n t i t y 
( k g ) 
190 
95 
144 
117 
59 
68 
13 
7 
419 
114 
267 
106 
45 
1644 
N u m b e r o f 
requests 
59 
57 
59 
41 
41 
33 
4 
4 
36 
20 
61 
10 
15 
440 
Supply of Breeding Mate r ia ls 
We supp ly imp roved breed ing mate r ia l and v a r i ­
eties to coopera t ing na t iona l p rog rams in the 
f o r m of breeders ' seed, el i te breeding l ines, and 
progenies at var ious levels of inbreed ing . We 
also meet specif ic requests. D u r i n g the year we 
supp l ied 193 seed samples to three na t i ona l p r o ­
g rams ( B u r k i n a Faso , L i b e r i a , M a l i ) i n the 
reg ion . 
Regiona l Disease Nursery 
T h e West A f r i c a n D o w n y M i l d e w Observa t i on 
Nu rse ry was g r o w n a t s ix loca t ions in West 
A f r i c a i n 1989; da ta f r o m f o u r locat ions have 
been received and analyzed. The t r i a l i nc luded 
41 entr ies con t r i bu ted by eight na t i ona l p r o ­
grams and b y I S C fo r eva lua t ion o f D M resis­
tance. Th is year the mean DM incidence f o r a l l 
locat ions was lower compared to tha t o f last 
year. T h e highest DM inc idence was 16% a t 
Bengou fo l l owed by 9% at Sadore, 7% at Samaru , 
and 6% at Bambey . Seven entr ies had less t h a n 
3% DM inc idence across a l l l oca t ions , 12 entr ies 
had less t h a n 6%. The suscept ible con t ro l s 
recorded 14% ( N H B 3 ) and 8 4 % (7042) D M 
(Tab le 23). 
Regional Y ie ld T r ia l 
T h e I C R I S A T Sahel ian Center annua l l y o rgan ­
izes the I C R I S A T Pearl M i l l e t Z o n e A d a p t a t i o n 
T r i a l w h i c h is g r o w n in a numbe r o f countr ies in 
West A f r i c a . The 1988 t r i a l had 15 test entr ies 
and one loca l l y selected, i m p r o v e d var ie ty ( c o n ­
t r o l ) at each l oca t i on . Three test entries were 
c o n t r i b u t e d by I ns t i t u t na t i ona l de recherches 
ag ronomiques du Niger , t w o by the Ins t i tu te f o r 
A g r i c u l t u r a l Research, N ige r ia , and 10 by I S C . 
Seed f o r the t r i a l was d is t r ibu ted to 14 locat ions 
in n ine West A f r i c a n count r ies ; da ta are ava i la­
ble f r o m six loca t ions — B a w k u , C inzana , Ben­
g o u , Sadore, S a m a r u , and Bambey (Tab le 24). 
Ave raged over these six l oca t ions , the f ive 
h i g h e s t - y i e l d i n g test en t r i es were I C M V 7 
( I T M V 8304)(1.32 t ha - 1 ) , I C M V IS 85333 (1.31 
t ha - 1 ) , I K M V 8201 (1 .301 ha - 1 ) , I C M V IS 85327 
(1.28 t ha - 1 ) , and C12 L (1.24 t ha - 1 ) . However , 
va r ie ta l a d a p t a t i o n to specif ic sites was c o m m o n 
(Tab le 24). 
A t the locat ions where they were a m o n g the 
f ive t op -y i e l d i ng entr ies, I C M V 7 yielded the 
f o l l o w i n g percentages of c o n t r o l variet ies a t d i f ­
ferent locat ions: S a m a r u (133%), C inzana (95%), 
Sadore (89%) , and Bambey (86%) ; I C M V I S 
85333 y ie lded 146% at B a w k u , 9 7 % at C inzana , 
and 9 4 % a t Sadore ; I K M V 8201 y ie lded 146% a t 
B a w k u , 129% a t S a m a r u , 125% a t Bengou , 9 0 % 
a t Sadore , and 8 4 % a t Bambey ; I C M V IS 8527 
y ie lded 115% of c o n t r o l var iet ies a t Bengou and 
9 3 % at Sadore. 
I C R I S A T Sahe l ian Center 
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T a b l e 2 3 . D o w n y m i l d e w ( D M ) i n c i d e n c e a n d sever i t y a t t h e d o u g h s tage o f se lected p e a r l m i l l e t 
en t r i es i n t h e W e s t A f r i c a n D o w n y M i l d e w N u r s e r y ( W A D M O N ) , a t f o u r W e s t A f r i c a n l o c a t i o n s , 
r a i n y season 1 9 8 9 . 
E n t r y 
L o c a l N o r d Oues t 
S E 300 
L o c a l N o r d Est 
L o c a l F e r k e 
I K M / C V P 3 9 / 8 3 / 8 4 / 3 5 1 
N P T 25 
S E 301 
S E 303 
P o o l 9 
T o r o n i o u Cl 
H - 8 0 - 1 0 - G R 
I C M V I S 86327 
I C M V I S 85321 
86 C Z S Y N 5 
86 C Z 81 B H T 
C o n t r o l s 
I m p r o v e d 
L o c a l 
N H B 3 
7042 
T r i a l m e a n ( 4 1 e n t r i e s ) 
O r i g i n 4 
I D E S S A , C o t e d ' l v o i r e 
I A R , N i g e r i a 
I D E S S A , C o t e d ' l v o i r e 
I D E S S A , C o t e d ' l v o i r e 
I N E R A , B u r k i n a Faso 
D G D R / D R A , T o g o 
I A R , N i g e r i a 
I A R , N i g e r i a 
I E R , M a l i 
I E R , M a l i 
I N R A N , N i g e r 
I S C , N i g e r 
I S C , N i g e r 
I E R , M a l i 
I E R , M a l i 
I n d i a , A I C P M I P 
C h a d , reselected b y I C R I S A T 
DM inc idence (1)1 (%) and sever i ty (S) 2 (%) 
M e a n 
I 
0 
1 
1 
2 
2 
2 
2 
3 
3 
4 
10 
12 
12 
12 
43 
18 
30 
14 
84 
9 
S 
1 
1 
1 
1 
2 
1 
2 
2 
2 
3 
8 
7 
10 
6 
38 
17 
21 
11 
82 
8 
B a m b e y 
I 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
21 
5 
0 
50 
6 
80 
6 
S 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
5 
14 
4 
0 
31 
3 
75 
5 
Bengou 
I 
1 
2 
4 
0 
7 
4 
5 
8 
5 
13 
24 
34 
25 
20 
92 
13 
36 
21 
91 
16 
S 
2 
3 
1 
0 
8 
2 
2 
5 
4 
11 
20 
16 
24 
7 
83 
14 
29 
22 
86 
13 
S a m a r u 
I 
0 
0 
0 
6 
0 
0 
1 
3 
5 
1 
2 
1 
11 
7 
12 
3 
17 
22 
100 
7 
S 
0 
0 
0 
3 
0 
0 
1 
2 
4 
1 
1 
0 
4 
3 
8 
2 
11 
12 
99 
5 
Sado re 3 
1 S 
0 0 
0 0 
1 1 
1 0 
0 0 
4 4 
3 3 
1 1 
3 1 
0 0 
14 11 
12 11 
7 6 
1 1 
63 58 
58 52 
18 14 
9 9 
66 66 
9 8 
1 . B a s e d o n t h e n u m b e r o f p l a n t s i n f e c t e d a s p r o p o r t i o n o f t o t a l p l a n t s i n a p l o t . 
2 . B a s e d on a 1 - 5 sca le , w h e r e 1 = no s y m p t o m s a n d 5 = s y m p t o m s on m a i n s tems a n d a l l t i l l e r s so t h a t t h e r e a r e no p r o d u c t i v e 
p a n i c l e s . Based o n a m e a n o f 1 9 - 8 2 p l a n t s f r o m t w o r e p l i c a t i o n s . 
3 . B a m b e y = I n s t i t u t senega la is d e r e c h e r c h e s a g r i c o l e s ( I S R A ) , S e n e g a l ; B e n g o u a n d S a d o r e = I C R I S A T S a h e l i a n C e n t e r ( I S C ) , 
N i g e r ; S a m a r u = I n s t i t u t e f o r A g r i c u l t u r a l R e s e a r c h ( I A R ) , N i g e r i a . 
4 . I D E S S A = I n s t i t u t des s a v a n n e s , C o t e d ' l v o i r e ; I N E R A = I n s t i t u t n a t i o n a l d ' e t u d e s e t d e r e c h e r c h e s a g r i c o l e s , B u r k i n a F a s o ; 
D G D R / D R A = D i r e c t i o n g e n e r a t e d u d e v e l o p p e m e n t r u r a l / D i r e c t i o n d e l a r e c h e r c h e a g r o n o m i q u e , T o g o ; I E R = I n s t i t u t 
d ' e c o n o m i e r u r a l e , M a l i ; I N R A N = I n s t i t u t n a t i o n a l d e r e c h e r c h e s a g r o n o m i q u e s d u N i g e r , N i g e r . A I C P M I P = A l l I n d i a 
C o o r d i n a t e d P e a r l M i l l e t I m p r o v e m e n t P r o j e c t . 
Variet ies for Na t iona l Programs 
D u r i n g the year we supp l ied 20-80 kg seed o f 
var iet ies I C M V IS 85327, I C M V IS 85333, and 
GB 8735 to Chad and T o g o . We are i n fo rmed 
tha t 2 t seed of var ie ty GB 8735 were mu l t i p l i ed 
in T o g o f o r large-scale eva lua t ion on fa rmers ' 
f ie lds. Va r i e t y I T M V 8001 suppl ied t o C h a d i n 
1986 has been recommended f o r m u l t i p l i c a t i o n 
and general cu l t i va t ion by the Service na t iona l 
de semences of the Min is te re de l 'agr icu l ture in 
C h a d . In 1989 this var ie ty was est imated to have 
covered 30000 ha f o l l o w i n g the p r o d u c t i o n o f 
200 t seed by 1988. Encouraged by the stable, 
good pe r fo rmance o f I K M V 8201 i n the past 
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T a b l e 2 4 . M e a n g r a i n y i e l d s ( t h a - 1 ) o f t h e f i v e h i g h e s t - y i e l d i n g p e a r l m i l l e t test en t r i es i n t h e I C R I S A T 
P e a r l M i l l e t Z o n e A d a p t a t i o n T r i a l ( I M Z A T ) , a t s i x l o c a t i o n s i n f i v e c o u n t r i e s i n W e s t A f r i c a , r a i n y 
season 1 9 8 8 . 
B a w k u ( G h a n a ) 
E n t r y 
I C M V I S 88203 
I C M V I S 86101 
C -12 L 
I C M V I S 85333 
I K M V 8201 
C o n t r o l 1 
S E 
T r i a l m e a n 
(16 ent r ies) 
C V (%) 
M e a n 
y i e l d 
(t ha - 1 ) 
0.23 
0.22 
0.19 
0.19 
0.19 
0.13 
±0.36 
0.16 
44 
Sado re ( N i g e r ) 
I C M V I S 85333 
I C M V I S 88202 
I K M V 8201 
S E 2124 
I C M V 7 
C o n t r o l 
S E 
T r i a l m e a n 
(16 ent r ies) 
C V (%) 
2.30 
2.25 
2.20 
2.19 
2.17 
2.44 
±0.13 
2.03 
13 
C i n z a n a ( M a l i ) 
E n t r y 
I C M V I S 85333 
I C M V 7 ( I T M V 8 3 0 4 ) 
I T M V 8003 
C T - 2 
I C M V I S 85327 
C o n t r o l 
M e a n 
y i e l d 
( t ha - 1 ) 
2.07 
2.03 
2.02 
2.01 
1.98 
2.13 
±0.13 
1.78 
14 
S a m a r u ( N i g e r i a ) 
I T M V 8003 
I C M V I S 85334 
I C M V I S 88202 
I C M V 7 ( I T M V 8304) 
I K M V 8201 
C o n t r o l 
0.61 
0.58 
0.57 
0.56 
0.54 
0.42 
± 0.11 
0.46 
48 
B e n g o u ( N i g e r ) 
E n t r y 
I K M V 8201 
I C M V I S 85327 
C - 1 2 L 
I C M V I S 88202 
T - 1 8 L 
C o n t r o l 
M e a n 
y i e l d 
( t ha - 1 ) 
2.18 
2.01 
1.94 
1.91 
1.86 
1.75 
±0.22 
1.74 
25 
B a m b e y (Senegal ) 
I C M V 7 ( I T M V 8304) 
I K M V 8201 1.19 
I C M V I S 88202 
S E C o m p o s i t e 
I C M V IS 8820 1 
C o n t r o l 
1.22 
1.16 
1.16 
1.11 
1.42 
±0.12 
1.02 
23 
1 . L o c a l l y se lec ted i m p r o v e d v a r i e t y . 
severa l years o f t r i a l s i n M a l i , t he I n s t i t u t 
d 'economie rura le mu l t i p l i ed th is var ie ty on 0.5 
ha and is p l ann ing p re -ex tens ion /demons t ra t i on 
t r ia ls next year. F o u r kg seed o f each o f the 
var ie t ies , I C M V 87901 and GB 8735, was supp ­
l ied to A i d e de l'eglise Norveg ienne , M a l i . We 
have supp l ied seed o f var iet ies I K M C l , I C M V 
7 , I C M V I S 85327, I C M V I S 85333, and G B 
8735 to Senegal f o r p r e l i m i n a r y eva luat ions and 
seed o f var iet ies I C M V 5 ( I T M V 8001), I C M V 7 , 
I C M S I S 85327, and I C M S I S 85333 t o I N R A N 
f o r i nc lus ion in the Essai c o m p a r a t i f des c u l t i -
vars elites o f I N R A N . We also p rov ided seed o f 
I C M V I S 85327 and I C M V I S 85333 t o I ns t i t u t 
n a t i o n a l d'etudes et de recherches agricoles 
( I N E R A ) , B u r k i n a Faso, f o r inc lus ion in a v a r i -
ety t r i a l t ha t was conduc ted as a pre lude to the 
Opera t i ona l Scale Research t r ia ls . 
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Pear l M i l l e t Gra in Ut i l i za t ion 
Mal t ing /Brewing Quality 
M i c r o m a l t i n g procedures, i nc lud ing op t im iza ­
t i o n o f steeping and m a l t i n g t imes and tempera­
t u r e s / h u m i d i t y regimes, have been s tandard­
ized, and de te rm ina t i on o f the d iastat ic power 
( D P ) of 12 lines has been comple ted . The highest 
DP was ob ta ined i n I C M V 82132 (28.2 diastat ic 
un i ts ) f o l l o w e d b y S D M V 87014 (27.7), W G C 
(24.8), S D M V 87001 (24.6), S D M V 89005 (22.9), 
S D M V 87017(21.5), S D M V 89006(21.2), S D M V 
87018 (20.5), I C N M V 156 (19.3), S D M V 89008 
(15.6), I C M V 87901 (12.8), and I C M V 84421 
(11.1). P r o m i s i n g selections w i l l be d i f fe ren t ia l l y 
assayed and amylase act iv i ty measured to deter­
m ine the extent to w h i c h pear l mi l le t may be 
used to boost the amylase def ic i t in so rghum. 
Finger M i l l e t Breeding 
I n Sou the rn A f r i c a , f inger m i l l e t i s g r o w n in 
M a l a w i , Tanzan ia , Z a m b i a , and Z i m b a b w e , 
p r i m a r i l y f o r b rewi r ig loca l beer and f o r f o o d . 
The ge rmp lasm accessions f r o m M a l a w i , Z a m ­
b ia , and Z i m b a b w e , have been evaluated in the i r 
count r ies f o r o r i g i n . M o s t o f the accessions f r o m 
Z i m b a b w e were ea r l y -ma tu r ing types whereas 
those f r o m Z a m b i a and M a l a w i were la te-
m a t u r i n g types. I n Tanzan ia , b o t h m a t u r i t y 
types are g r o w n . O u r breed ing ef for ts are there­
fo re focused on the p r o d u c t i o n o f variet ies o f 
ear ly - and l a te -ma tu r i ng types coup led w i t h 
resistance to pests and diseases. Th is is achieved 
by p u r i f y i n g the best accessions, and the w o r k on 
h y b r i d i z a t i o n has begun. D u r i n g 1989, we c o n ­
t inued to acquire new germplasm f r o m E th iop ia 
(3), I nd i a (81), Kenya (693), M a l a w i (15), Uganda 
(3) , Z a m b i a (58), and Z i m b a b w e (7), and we n o w 
have a to ta l of 2569 accessions, but st i l l there is 
need to pu t more emphasis on co l lec t ing f r o m 
Tanzan ia and Uganda. 
S A D C C / I C R I S A T R e g i o n a l 
P r o g r a m 
The reg iona l p r o g r a m assists the co l l abo ra t i ng 
na t i ona l p r o g r a m w i t h the supply o f breeding 
mater ia ls , the o rgan iza t ion of reg ional y ie ld 
t r ia ls and disease nurseries, and the supply of 
p r o m i s i n g cu l t ivars o f pear l m i l l e t , f inger mi l le t , 
and forage mi l le ts , fo r na t i ona l eva lua t ion . We 
repor t selected activit ies f r o m this set. 
Mil l ing Quality 
Pear l m i l l e t f r o m a commerc ia l source was semi-
wet m i l l ed ( S W M ) and a 2 0 % compos i te was 
used in a p re l im ina ry bread t r i a l using a straight 
d o u g h f o r m u l a t i o n . The general acceptabi l i ty o f 
the S W M pear l mi l le t compos i te was s ign i f i ­
cant ly lower (P >0 .05 ) t han tha t o f the 15% 
S W M s o r g h u m compos i te and the wheat c o n ­
t r o l . The general acceptabi l i ty score was, how­
ever, above the base l ine of acceptabi l i ty ( i .e., 4 
on a scale of 1 - 7 , where 1 = d is l ike ext remely , to 7 
= l i ke ex t remely ) . W h e n co lo r tex tu re and f l avo r 
scores were compared , tex ture and f lavor were 
compa t ib le w i t h those o f the so rghum composi te 
Forage M i l l e t Breeding 
The forage imp rovemen t p r o g r a m has the f o l ­
l o w i n g three objectives: to imp rove the nu t r i t i ve 
va lue o f c rop residue wh i le ma in ta i n i ng h igh 
g ra in yields (dua l purpose) ; to develop and p r o ­
duce interspeci f ic hybr ids between pear l mi l le t 
and napier grass (Pennisetum purpureum) sui t ­
able f o r ra in fed and i r r igated cond i t i ons ; and to 
improve forage y ie ld and qua l i t y . 
One of ou r ma jo r achievements has been the 
d iscovery of a new source of b r o w n m i d r i b (bmr) 
gene in Z i m b a b w e germplasm accession no . 
S D G P 1500 bmr. Th is gene reduces the l i gn in 
content in the p lan t , and thereby increases the 
d r y mat te r d igest ib i l i ty . 
and the wheat c o n t r o l , bu t co lo r was s ign i f i ­
cant ly d i f fe rent ( P > 0 . 0 5 ) . I t i s seen that w i t h 
pear l m i l l e t , even S W M processing is not effec­
t ive in reduc ing the gray ish co lo r ; and fo r c o m ­
posite f l o u r app l ica t ions, a select ion p r o g r a m fo r 
wh i te g ra in is essential. 
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T e n var iet ies o f pear l m i l l e t have been cross­
ed w i t h an F3 bmr line der ived f r o m a cross 
ob ta ined f r o m Purdue ( U S A ) w i t h the object ive 
of t rans fe r r ing the bmr gene i n t o g ra in variet ies. 
A l im i ted backcrossing procedure w i l l be f o l ­
lowed to t ransfer the bmr gene. 
One compos i te p o p u l a t i o n ( S D F P M C 1), 
cons is t ing of 38 l ines, has comple ted a t h i r d 
genera t ion o f r a n d o m ma t i ng . N ineteen forage 
lines have been crossed w i t h bmr l ines to i nco r ­
pora te the bmr gene in h igh-y ie ld ing variet ies. 
Twen ty -e igh t crosses a m o n g seven pear l m i l l e t 
and the monodii gene p o o l have been generated 
to i m p r o v e the forage y ie ld and qua l i t y . 
Regiona l Pear l M i l l e t Disease Nurseries 
Several resistant pear l m i l le t variet ies developed 
a t l C R I S A T Center cons is tent ly had very l ow 
ergot severities in mu l t i l oca t i ona l repl icated tests 
under h igh na tu ra l disease pressures d u r i n g the 
last 4 years in the S A D C C reg ion . M o s t o ther 
pear l mi l le ts , however , are susceptible. H i g h 
ergot severit ies o f entr ies were associated w i t h 
l o n g p r o t o g y n y per iods . I C M P E S 28 and 
I C M P E S 29 also had fa i r l y good a g r o n o m i c 
pe r fo rmance t h r o u g h o u t the reg ion . I C M P E S 
28 had false m i l d e w and rust resistance in 
M a l a w i and Z i m b a b w e . I t also had modera te 
resistance to cer ta in leaf spot diseases at 11 loca­
t ions , in three countr ies. 
As expec ted , a l l 11 entr ies in the I n t e r n a t i o n a l 
Pear l M i l l e t E rgo t A l k a l o i d Nursery were af­
fected by ergot in the 1988/89 and 1989/90 sea­
sons. Entr ies d i f fe red in ergot severi ty; MP 124 
and I C M H 501 had the lowest mean sever i ty 
over locat ions . Howeve r , there was an in terac­
t i o n between locat ions and genotypes. Some 
genotypes w i t h a l ow severi ty at one loca t ion had 
a h i gh severi ty at another . Sc le ro t ia also deve l ­
oped at a l l test ing locat ions , sometimes imme­
diately u p o n appearance of the honeydew symp­
toms, wh i ch occurred 9-19 days after inocu la t ion . 
As in prev ious years, there were d i f fe ren t ia l 
responses f o r rust a m o n g genotypes, bu t there 
were also genotype x env i r onmen t in teract ions 
w i t h i n and outs ide the S A D C C reg ion . N H B 3 
and P 24-1 were susceptible (sever i ty 4 0 % and 
above) a t U k i r i g u r u , Tanzan ia , bu t on l y moder ­
ately susceptible at L u s i t u , Z a m b i a (severity 
be low 10%), wh i le N H B 3 was susceptible in 
I n d i a , and P 24-1 resistant. IP 5241-2-2 had l o w 
severit ies in Tanzan ia but was modera te ly sus­
cept ib le in I nd ia . 7042 RR was also resistant 
(severit ies be low 5%) in M a l a w i , Tanzan ia , 
Z a m b i a , and Z i m b a b w e . 
Regiona l Y ie ld Tr ia ls 
Regional Pearl Mi l le t Trials 
Based on f ive locat ions , S D M V 88006 was the 
h ighes t -y ie ld ing en t ry in the p re l im ina ry t r i a l 
( 2 8 % more t h a n local con t ro ls ) f o l l owed by 
Z P M V 87402, S D M V 88001 , Z P M V 86121, and 
S D M V 88004. The highest-yielding entries across 
the 13 S A D C C locat ions in the advanced y ie ld 
t r i a l were S D M V s 89007, 89005, 89006, and 
I C M V 82132. S D M V 89007 y ie lded 3 6 % higher 
t h a n the loca l con t ro l s when averaged over the 
reg ion. 
Collaborative Finger Mi l le t Advanced Varieties 
trials 
Based on mean over three loca t ions , the highest-
y i e ld ing en t ry in the ea r l y -ma tu r i t y variet ies t r i a l 
was S D F M 937 (4.86 t ha" 1 , 4 2 % higher y ie ld 
t h a n tha t o f loca l c o n t r o l w h e n averaged over 
locat ions) f o l l owed by S D F M 1059 (4.5 t ha " ' ) , 
S D F M 1072 (4.15 t ha - 1 ) , S D F M 44 (4.0 t ha"1 ) , 
and S D F M 957 (3.96 t ha - 1 ) . A l l these entr ies 
were ea r l y -ma tu r i ng types. 
Based on mean over f ive locat ions, the highest-
y ie ld ing en t ry in the l a te -ma tu r ing variet ies t r i a l 
was S D F M 723 (3.04 t ha - 1 , 2 5 % higher y ie ld 
t h a n that o f con t ro l ) f o l l owed by S D F M s 217, 
1079, 396, 2 4 1 , and 113 (Tab le 25). S D F M 217 
( I E 2929), a l a te -ma tu r i ng var ie ty , was the 
h ighest -y ie ld ing ent ry in three locat ions , ranked 
t h i r d in ano ther l oca t i on bu t was the poorest 
y i e l d i ng at A is leby . We suggest the large-scale 
test ing o f S D F M 217 in M a l a w i and Tanzan ia as 
i t had done very we l l i n these count r ies . S D F M 
113 and S D F M 723, b o t h ea r l y -ma tu r i ng var ie-
t ies, have p roved p rom is ing in Z i m b a b w e . 
Cereal Forage Yield Trial 
Based on mean over six loca t ions , the highest-
y i e ld ing en t ry was Baba la m i l l e t (28 .61 o f green 
fodder ha - 1 ) closely f o l l o w e d by S D M V 89101 
(select ion f r o m PS 472), S D M V 89104 (PS 195) 
S D M V 89105 (PS 192), S D M V 89102 (PS 200), 
and S D M V 89103 (52-9 x 51-13). A l l PS variet ies 
were i n t roduced f r o m T i f t o n ( U S A ) as monodii 
selections. D u r i n g the course of seed mu l t i p l i ca -
t i o n , we selected segregating p lants of a pear l 
mi l le t type w i t h h igh t i l lers. 
Var ie ty Releases 
T w o pear l m i l l e t variet ies have been released to 
fa rmers by na t i ona l p rog rams in the S A D C C 
reg ion . MP 124 was released in N a m i b i a as O k a -
shana l and l C M V 82132 in Z a m b i a as K a u f e l u . 
B o t h variet ies were bred a t I C R I S A T Center 
I C R I S A T ( In te rna t i ona l Crops Research I ns t i ­
tu te f o r the S e m i - A r i d T rop ics ) . 1989. Pear l 
M i l l e t Open-pol l inated Var ie ty I C T P 8203. P lan t 
M a t e r i a l Descr ip t ion no . 18. Pa tancheru , A . P . 
502 324, I nd ia : I C R I S A T . 4 pp . I S B N 92-9066-
147-X. ( P M E 018) 
I C R I S A T ( In te rna t i ona l C rops Research I n s t i ­
tu te f o r the S e m i - A r i d T rop ics ) . 1989. Pear l 
M i l l e t H y b r i d I C M H 423. P lant Ma te r i a l D e ­
sc r ip t i on no. 19. Pa tancheru , A . P . 502 324, 
I nd i a : I C R I S A T . 4 p p . I S B N 92-9066-148-8. 
( P M E 019) 
and ident i f ied f o r release f r o m the S A D C C 
reg iona l var ie ty t r ia ls . F inger m i l l e t var ie ty 
S D F M 217 has been released to farmers in Z a m ­
b ia w i t h the name L i m a . I t o r ig ina ted f r o m 
genetic resources accession IE 2929 f r o m M a l a w i . 
T a b l e 2 5 . G r a i n y i e l d o f s ix se lected ent r ies o f f i n g e r m i l l e t a d v a n c e d l a t e - m a t u r i n g va r ie t i es t r i a l a t 
A i s l e b y a n d M a r o n d e r a ( Z i m b a b w e ) , M i s a m f u ( Z a m b i a ) , C h i t e d z e ( M a l a w i ) , a n d G a i r o , ( T a n z a n i a ) 
a n d t i m e t o 5 0 % f l o w e r i n g a t A i s l e b y , r a i n y season 1 9 8 8 / 1 9 8 9 . 
Entry 
S D F M 723 
S D F M 218 
S D F M 1079 
S D F M 396 
S D F M 241 
S D F M 113 
Local contro l 
SE 
Tr ia l mean 
(20 entries) 
CV (%) 
G r a i n y ie ld ( t ha - 1 ) 
A i s l eby 
4.66 (1) ' 
1 .46(20) 
3.81 (5) 
3 . 03 (14 ) 
3.79 (6) 
3.86 (4) 
3 . 1 8 ( 1 1 ) 
±0.223 
3.29 
14 
M a r o n d e r a 
1 .82(13) 
3 . 7 0 ( 1 ) 
1 .68(16) 
2.46 (6) 
2.51 (5) 
2.58 (4) 
2.08 (8) 
±0.280 
2.06 
27 
M i s a m f u 
4.05 (3) 
4 . 8 1 ( 1 ) 
4.70 (2) 
3.92 (5) 
2 . 8 9 ( 1 6 ) 
2 . 8 6 ( 1 8 ) 
2 . 9 6 ( 1 4 ) 
±0.425 
3.36 
18 
Ch i t edze 
2.77 (8) 
2.63 (3) 
2 . 6 4 ( 1 2 ) 
2.88 (6) 
3.03 (4) 
2 . 3 8 ( 1 5 ) 
2 . 6 9 ( 1 0 ) 
±0.342 
2.70 
25 
G a i r o M e a n 
1 .88(10) 3 . 0 4 ( 2 5 ) 2 
2 . 5 3 ( 1 ) 3 . 0 3 ( 2 5 ) 
1 .83(11) 2 . 9 3 ( 2 1 ) 
2 . 1 6 ( 3 ) 2 . 8 9 ( 1 9 ) 
1 .73(13) 2 . 7 9 ( 1 5 ) 
2 . 1 2 ( 6 ) 2 . 7 6 ( 1 4 ) 
1 .26(17) 2.43 
±0.202 ±0.127 
1.79 2.64 
23 20 
T i m e t o 5 0 % 
f l o w e r i n g 
(days) 
105 
140 
98 
108 
94 
94 
88 
±3.0 
100 
6 
1 . R a n k w i t h i n e a c h l o c a t i o n . 
2 . I n c r e a s e i n p e r c e n t a g e o f y i e l d o v e r c o n t r o l s . 
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CHICKPEA 
There are t w o m a i n types o f ch ickpea: desis con ­
s t i t u t i ng about 85% of the t o ta l p roduc t i on , and 
kabu l is f o r m i n g the remain ing 15% of chickpea 
p r o d u c e d . The k a b u l i type i s o f par t i cu la r i m ­
por tance in countr ies o f the Med i te r ranean 
reg ion . Howeve r , the demand fo r k a b u l i ch ick-
pea is s t rong in other countr ies as we l l and 
I C R I S A T Center is increasing its ef for ts to serve 
these countr ies. 
The m a j o r th rus t o f the co l labora t i ve research 
that I C R I S A T car r ied ou t o n k a b u l i ch ickpea 
w i t h the I n te rna t i ona l Center f o r A g r i c u l t u r a l 
Research in D r y Areas ( I C A R D A ) i s to breed 
f o r comb ined resistances to stress factors such as 
ascochyta b l ight , cold temperatures, and drought . 
A t I C R I S A T Center, w o r k on desi chickpea 
has concent ra ted on the deve lopment of geno­
types resistant to ab io t ic and b io t ic stresses. New 
d rough t - t o le ran t sources have been ident i f ied 
and some progress has been made in the genetic 
enhancement o f d rough t to lerance. T a l l , erect, 
and compac t genotypes have been shown to be 
pa r t i cu la r l y useful f o r the management o f bo t r y -
t is gray m o l d — an increasingly severe disease in 
nor theast I n d i a , Nepa l , and Bangladesh. Pod 
bore r a t tack was l o w in m a n y areas th is year but 
ch ickpea breeding w i l l benefi t f r o m the insights 
tha t were ob ta ined on the n u t r i t i o n a l ecology o f 
pod borer feeding on drought-stressed chickpea. 
P lan t breed ing methodo log ies w i l l also benefi t 
f r o m research on p lant n u t r i t i o n w h i c h showed 
that under h igh soi l n i t rogen cond i t i ons , selec­
t i on of p o o r l y nodu la t i ng genotypes is favored . 
The genetic imp rovemen t p r o g r a m concen­
t ra ted on c o m b i n i n g h igh y ie ld w i t h resistance to 
stress factors. Techniques fo r m i c rop ropaga t i on 
and p lan t regenerat ion by somat ic embryogene-
sis were ref ined and standard ized. 
P h y s i c a l S t r e s s e s 
M a j o r emphasis was g iven to adap t ing chickpea 
to short-season, w a r m t rop i ca l w in te r , t e rm ina l -
D r o u g h t To lerance 
Improvement of D r o u g h t Tolerance 
We repor ted last year ( l C R l S A T A n n u a l Repor t 
1988, p. 60) tha t we made single p lant selections 
fo r roo t t ra i ts in 832 F4 p lants of a cross 
( [ A n n i g e r i x I C C 4958] x I C C 12237), I C C 4958 
being a d rough t - to le ran t genotype. We selected 
81 of the F4s and advanced t h e m to the F5 gener­
a t ion in a nu t r ien t sand-cul ture system d u r i n g 
the off-season of Ju ly -Oc tober 1988. We made 
these selections on the basis of v isual ra t ing fo r 
roo t length and vo lume . We also evaluated the 
d rough t to lerance of the 81 F4s in the 1988/89 
pos t ra iny season, on a Ver t i so l in a non rep l i -
cated test using the f ie ld screening method de­
scribed earl ier ( I C R I S A T A n n u a l Repor t 1982, 
pp. 110-111). We used I C C 4958 as a con t ro l 
sown f requent ly t h r o u g h o u t the exper imenta l 
area. Th i r t een of the 81 entries had a degree of 
d r o u g h t to lerance s imi lar to o r greater than I C C 
4958, and f ive were rated as susceptible. In the 
p o p u l a t i o n of plants selected fo r roo t t ra i ts , y ie ld 
under stress (non i r r i ga ted , except fo r a l ight 
pos tsow ing i r r i ga t i on to ensure u n i f o r m p lant 
s tand establ ishment) was very s t rongly cor re­
lated (r=0.99, n=103) w i t h the d rough t to lerance 
indices. Th is suggests that the v isual c r i te r ia of 
roots were effective in reject ing the d rough t -
susceptible types in the segregating p o p u l a t i o n . 
The F 5 genera t ion is be ing evaluated f o r d rough t 
d rough t env i ronments in Sou th As ia and to the 
ag ronomic eva luat ion o f low- tempera ture to ler­
ant selections. In d rough t to lerance research, 
progress was made in genetic enhancement of 
d rough t to lerance, iden t i f y ing new sources of 
to lerance, and in character iz ing the phys io logy 
of d rough t - to le ran t sources. In the cool w in ter 
regions of centra l and no r the rn Ind ia , some of 
the selections made for co ld tolerance w i t h re­
spect to pod-set outyielded convent ional cultivars. 
86 Chickpea 
Screening G e r m p l a s m 
We evaluated the relat ive d r o u g h t to lerance o f 
some selected germp lasm entr ies of con t ras t ing 
m o r p h o l o g y , w i t h respect to leaf size and shape. 
We used solar ized p lo ts to prevent f u s a r i u m w i l t 
disease incidence ( I C R I S A T A n n u a l Repor t 
1985, pp . 145-147), as some of the entr ies were 
k n o w n to be ex t remely sensitive to this disease. 
We iden t i f ied t w o new sources o f d r o u g h t to le r ­
ance, JG 62 and I C C 5680; in add i t i on to the 
p rev ious ly k n o w n sources, I C C 4958 and I C C 
10448. The t w o new sources are, however , very 
suscept ible to f u s a r i u m w i l t disease and th is per­
haps prevented the i r earl ier detect ion as d rough t -
to lerant sources because d rough t screening f ields 
a t I C R I S A T Center are affected by w i l t . 
T a b l e 1 . M e a n p i n n u l e n u m b e r a n d l e a f a r e a 
p e r c o m p o u n d l e a f i n f i v e c h i c k p e a g e n o t y p e s o n 
a V e r t i s o l , I C R I S A T C e n t e r , p o s t r a i n y season 
1 9 8 8 / 8 9 . 
M e a n p i n n u l e 
G e n o t y p e n u m b e r 
A n n i g e r i 13.7 
I C C 4958 13.9 
I C C 10448 13.7 
J G 62 13.0 
I C C 5 6 8 0 8.1 
SE +0.22 
C V (%) 4.9 
L e a f 
area ( cm 2 ) 
3.28 
6.44 
2.47 
3.95 
2.59 
±0.122 
9.2 
i s we l l expressed ( I C R I S A T A n n u a l Repo r t 
1976-77, p. 104). Th is character is, in a way , 
s im i la r to the bold-seeded character o f I C C 
4958, where the seed mass at basal nodes is 
app rox ima te l y twice that at more apical nodes. 
We f o u n d s ign i f icant genotyp ic di f ferences in 
leaf area (size) per c o m p o u n d leaf (Tab le 1). 
Smal le r leaf size of I C C 5680 or I C C 10448 cou ld 
be useful in reduc ing t ransp i ra t i ona l losses. The 
smal ler leaf size in I C C 5680 was due to fewer 
p innu les (Tab le 1) and in I C C 10448, i t was due 
to smal ler p innu le size. On the o ther h a n d , I C C 
4958 has the largest leaf size of the tested geno­
types, and its adap ta t ion to d r o u g h t seems to be 
related more to the p r o l i i i c i t y o f its roo ts , w h i c h 
perhaps ex t rac t mo re water , t han to the conser­
va t i on o f water loss t h r o u g h reduced t ransp i ra ­
t i ona l area. 
Charac te r i za t ion o f D r o u g h t -
to le rant Sources 
Fu r the r studies on phys io log ica l character iza­
t i o n o f d rough t - t o l e ran t genotypes revealed tha t 
I C C 4958, a genotype w i t h a longer and more 
v o l u m i n o u s roo t system ( I C R I S A T A n n u a l Re­
por t 1988, p. 60) and a large seed (100-seed mass 
= 31.7±0.67 g) , also possessed a rap id rate of p o d 
and seed deve lopment . It thus accumulates a 
greater p r o p o r t i o n of seed mass ear l ier t h a n 
A n n i g e r i . Th is is another t ra i t w h i c h perhaps 
enables I C C 4958 to escape f r o m re lat ive ly more 
severe t e rm ina l soi l and a tmospher ic d rough t . 
A n o t h e r d rough t - t o l e ran t genotype, JG 62, 
has the un ique feature of bear ing t w i n pods at 
the basal nodes. Th is t ra i t confers a greater s ink 
s t rength at the basal nodes, where the character 
Tolerance t o L o w T e m p e r a t u r e 
D u r i n g F l o w e r i n g a n d Pod-set 
We carr ied ou t ag ronomic eva lua t ion o f c o l d -
to le ran t selections a t the I C R I S A T Coopera t i ve 
Research Sta t ions a t H isar and G w a l i o r in I nd ia . 
to lerance in repl icated f ie ld tests on a Ver t i so l at 
I C R I S A T Center in the 1989/90 season. 
In the of fseason ( Ju l y -Augus t 1989), we re­
evaluated F 6 genera t ion , advanced f r o m F 5 selec­
t ions made f o r r oo t t ra i ts ( I C R I S A T A n n u a l 
Repor t 1988, p. 60), f o r r oo t characters by the 
nu t r i en t sand-cu l tu re m e t h o d and advanced i t to 
F7 genera t ion . T h e seed of F6 and F7 selections 
are being mu l t i p l i ed in the 1989/90 season. 
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We s tud ied the effects of t w o levels of i r r iga t ions 
(p resowing i r r i ga t i on on ly and no i r r i ga t ion ) , 
t w o dates of sowing (13 October and 7 December), 
and t w o spacing + fer t i l i zer t reatments (30 cm x 
10 cm + no fer t i l izer , and 20 cm x 10 cm + 200 kg 
d i a m m o n i u m phosphate ha - 1 ) w i t h 14 co ld -
to le ran t selections and t w o c o n t r o l cu l t ivars , 
Pant G 114 and Gaurav , at Hisar . At G w a l i o r , 
we compared another set of 14 co ld- to lerant 
selections and a p romis ing I C R I S A T var ie ty , 
I C C V 6 ( I C C C 32), w i t h JG 315, the c o n t r o l 
var ie ty o f the reg ion. 
A t H isar , an above-average presowing ra in fa l l 
(671 m m ) and a we l l -d is t r ibu ted w in te r ra in fa l l 
and modera te c l imat ic cond i t i ons d u r i n g the 
c rop season encouraged profuse c rop g r o w t h 
and caused widespread l odg ing , wh i ch masked 
responses to i r r i ga t i on and overa l l pe r fo rmance 
o f the genotypes. A l t h o u g h some of the c o l d -
to le ran t genotypes ranked h igher in y ie ld t han 
the con t ro ls , the di f ference was s igni f icant on ly 
in the case o f I C C V 88512, compared to Gaurav , 
at 20 x 10 cm w i t h 200 kg d i a m m o n i u m phos­
phate ha - 1 (3.03 vs 2.51 t ha - 1 ; SE ± 0.171) and in 
the Oc tober sow ing (3.43 vs 2.61 t ha - 1 ; SE 
±0.171). A t G w a l i o r , on ly C T S 30521 and C T S 
10886 s ign i f i cant ly ou ty ie lded the c o n t r o l , JG 
315. P r o m i s i n g genotypes are be ing reevaluated 
in these env i ronments d u r i n g the 1989/90 c rop 
season. 
We made p re l im ina ry observat ions on the 
phys io log ica l character izat ion o f co ld- to lerant 
selections d u r i n g December 1988 and January 
1989. M i n i m u m grass temperatures d u r i n g th is 
per iod ranged f r o m -5° to 2 ° C . We examined 
po l len fe r t i l i t y by the acetocarmine dye and by 
ge rm i na t i ng the po l len in nu t r i en t so lu t i on (10% 
sucrose, 10 mg k g - 1 bor ic ac id , 300 mg kg - 1 
C a N 0 3 , 200 mg kg - 1 M g S O 4 , and 100 mg kg - 1 
K N 0 3 ) . We f o u n d that pol len was viable in al l 
the genotypes by bo th the methods . However , 
po l l en g ra in ge rm ina t ion was quickest in co ld -
to le ran t selections w i t h a rap id g r o w t h of the 
po l len tube, w h i c h rup tu red and discharged its 
content i n 30-45 m i n . G e r m i n a t i o n and g r o w t h 
o f the po l l en tube was very s low in the c o l d -
susceptible genotypes d u r i n g the same per iod . 
Deta i led studies on these aspects are p lanned. 
E a r l y G r o w t h V i g o r 
In short-season ch ickpea-growing env i ronments 
such as those in the w a r m - w in te r t rop ica l env i ­
ronments o f Sou th As ia , represented by I C R I -
S A T Center, y ie ld is l im i ted by low shoot mass 
p r o d u c t i o n . However , harvest indices are h igh . 
The on ly way y ie ld can be increased in these and 
o ther s imi la r env i ronments is by increasing the 
shoot mass. Increasing shoot mass by using 
l o n g - d u r a t i o n varieties has a penal ty in lower 
harvest indices because of the te rm ina l d rough t 
and heat stress. 
A n o t h e r approach to increase shoot mass is to 
ident i f y genotypes w i t h h igh in i t i a l g r o w t h v igor 
(shoot d r y mat te r of seedlings a round 20 days 
after sowing [ D A S ] ) and faster early c rop g row th 
rates ( C G R ) , that wou ld con t r ibu te to a larger 
shoot mass at harvest. A set of 120 germplasm 
lines ( i nc lud ing kabu l i and desi, large and smal l 
seed, ear ly and late f l ower i ng , and three cont ro ls 
f o r each region) were evaluated at three sites: 
1 C R I S A T Center , H isar , and Gwa l io r . Geno-
typ ic dif ferences in i n i t i a l v igor and early C G R 
were f o u n d in al l the three env i ronments , but 
these differences were related to shoot mass or 
y ie ld at harvest on ly in the shor t -du ra t ion env i ­
ronments a t I C R l S A T Center (F ig . 1). Th is t ra i t 
thus seems to be po ten t ia l l y useful f o r increasing 
chickpea y ie ld in shor t -du ra t ion env i ronments . 
S c r e e n i n g f o r M u l t i p l e S t resses 
E v a l u a t i o n o f C u l t i v a t e d S p e c i e s 
I den t i f i ca t ion of resistant sources to physical 
and b io t ic stresses is one of the i m p o r t a n t ac t i v i ­
ties o f the I C A R D A - I C R l S A T kabu l i ch ickpea 
project . Screening of germplasm was f i rst started 
w i t h ascochyta b l ight (Ascochyta rabiei) in 1978 
and i t was subsequently extended to fusa r ium 
w i l t (Fusarium oxysporum), leaf m iner (Lirio-
my/a cicerina), seed beetle (Callasobruchus chi-
nensis), c y s t n e m a t o d e (Hetcrodera 
ciceri), and co ld . Results of screening f r o m 1978 
to 1989 are s h o w n in Tab le 2. Resistant sources 
T a b l e 2 . R e a c t i o n o f c h i c k p e a g e r m p l a s m accessions t o s o m e b i o t i c a n d a b i o t i c stresses a t T e l H a d y a , 
S y r i a , b e t w e e n 1 9 7 8 a n d 1 9 8 9 . 
Scale 1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
T o t a l tested 
A s c o c h y t a 
b l i g h t 
0 
0 
16 
16 
1048 
345 
1814 
1168 
11284 
15691 
F u s a r i u m 
w i l t 
5 
1 
2 
9 
17 
45 
40 
380 
1143 
1642 
L e a f 
m i n e r 
0 
0 
0 
8 
201 
509 
1 167 
8 
3585 
5 4 7 8 
Seed 
beetle 
0 
0 
0 
0 
0 
164 
185 
1551 
3253 
5153 
Cys t 
n e m a t o d e 
0 
0 
0 
0 
0 
604 
808 
0 
3 8 5 6 
5268 
C o l d 
0 
0 
15 
114 
656 
491 
704 
1724 
1811 
5 5 1 5 
1. S c a l e : 1 = f r e e ; 5 = i n t e r m e d i a t e ; a n d 9 = k i l l e d . 
Eva lua t ion of W i l d Species 
D u r i n g the 1988/89 season, we con t inued eval-
u a t i o n o f e ight w i l d annua l Cicer species, w h i c h 
we began in the 1987/88 season. Resul ts of 2 
years ' eva lua t ion are summar ized in Tab le 3. 
H i g h e r suscept ib i l i ty r a t i ng f r o m the 2 years ' 
eva lua t ion was considered as the actual ra t ing . 
We f o u n d sources o f resistance f o r a l l the f ive 
stresses. W i l d species are the on ly sources of 
resistance to cyst nematode and seed beetle. We 
also f o u n d h igher levels o f resistance in the w i l d 
Figure 1. Relationship between early crop gro wth rate (CGR) and (a) shoot mass, and (b) seed yield at harvest in 
123 chickpea genotypes grown on a Vertisol, lCRISA T Center, postrainy season 1988/89. 
have been f o u n d f o r a l l the stresses except seed 
beetle and cyst nematode. 
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120 
100 
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0 
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150 
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50 
20 
0.2 1 2 0. 2 1 2 
Early CGR (g m -2 day -1 ) 
y = 5.00 + 47.94x (r2 = 0.50) 
y = 6.29 + 167.82x - 44.14x2 (r2 = 0.43) 
Early CGR ( g m - 2 day -1 ) 
species f o r ascochyta b l i gh t , leaf m iner , and co ld 
t h a n in the cu l t i va ted species. The most i m p o r ­
tan t species f r o m the p o i n t o f v iew o f stress 
resistance is C. bijugum. U n l i k e cu l t iva ted l and -
races where resistance to on l y one stress was 
ob ta ined , several w i l d species accessions were 
resistant to t w o or more stresses. Thus we i den t i ­
f ied lines w i t h mu l t i p le stress resistance. 
B i o t i c Stresses 
Yie ld Eva luat ion o f Some W i l t -
and R o o t Rot-resistant Chickpea 
Germplasm Accessions 
We evaluated the y ie ld of 36 ch ickpea germ-
p lasm accessions f ound resistant to w i l t (Fusa-
rium oxysporum f. sp ciceri) and d r y roo t ro t 
(Rhizoctonia bataticola). These were lines f o u n d 
resistant in the w i l t and roo t rots nursery a t 
I C R I S A T Center d u r i n g the past 10 years. The 
eva lua t i on was carr ied ou t in the w i l t and roo t 
rots nursery a t I C R I S A T Center and in n o r m a l 
f ields a t I C R I S A T Cooperat ive Research Sta­
t ions a t G w a l i o r and Hisar d u r i n g the 1988/89 
season. F o u r released cu l t i vars , I C C V 6, K 850, 
A n n i g e r i , and Pant G 114, represent ing d i f ferent 
m a t u r i t y groups were inc luded as cont ro ls . The 
t r ia ls were conducted under ra in fed cond i t ions 
at a l l the three locat ions. 
Of the 36 resistant test l ines, on ly I C C 13053 
showed h igh mor ta l i t y (88%) and al l others 
showed 3 0 % or less incidence. A m o n g the f o u r 
c o n t r o l cu l t ivars , I C C V 6 and Ann ige r i showed 
less t han 2 0 % m o r t a l i t y but K 850 and Pant G 
114 showed very h igh m o r t a l i t y (64-98%) . In the 
w i l t and roo t rots nursery a t I C R I S A T Center, 
23 lines gave s igni f icant ly (P < 0.05) higher 
y ie ld t h a n the h ighest-y ie ld ing c o n t r o l cu l t i va r 
A n n i g e r i . Some of the accessions such as ICCs 
1437, 2595, 9023, 9032, 12460, 12989, 13024, 
13114, and 13213 gave more t han doub le the 
y ie ld o f Ann ige r i . 
A t G w a l i o r , in a n o r m a l f i e l d , the highest-
y ie ld ing c o n t r o l cu l t ivar was I C C V 6 (2.43 t 
D i s e a s e s 
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T a b l e 3 . R e a c t i o n o f g e r m p l a s m accessions o f Cicer s p p t o s o m e b i o t i c a n d a b i o t i c stresses a t T e l 
H a d y a , S y r i a , d u r i n g 1 9 8 7 / 8 8 a n d 1 9 8 8 / 8 9 . 
Scale1 
1 
2 
3 
4 
5 
6 
7 
8 
9 
T o t a l 
B l i g h t 
N o . 2 
0 
5 
63 
2 
25 
14 
12 
2 
8 
131 
Species3 
5,6 
1,3,5,6 
4,6 
1,4,5,6,7 
1,5,6,7 
1,2,4,5,7 
1,3 
5,7,8 
L e a f m i n e r 
N o . 
0 
15 
36 
25 
28 
9 
6 
0 
2 
121 
Species 
2,5,8 
1,4,5,6 
1,4,5,6,7 
1,5,6,7 
6,7 
1,5,7 
1 
Seed beetle 
N o . 
20 
12 
4 
3 
2 
8 
18 
53 
10 
130 
Species 
1,3,4,5,7 
1,5,6,7 
1,7 
1,6,7 
3,5 
1,5,7 
2,4,5,7 
2,5,6,7,8 
5,6,8 
Cyst nema tode 
N o . 
0 
0 
12 
0 
11 
0 
5 
30 
79 
137 
Species 
1 
1,7 
7,8 
1,5,6,7,8 
2,3,4,5,6,7 
C o l d 
N o . 
1 
20 
24 
15 
8 
7 
11 
13 
38 
137 
Species 
1 
1 
1,4,5,6 
4,5,6 
6 
5,6,8 
2,5,6,8 
5,6 
2,3,5 
1. S c a l e : 1 = f r e e ; 5 = i n t e r m e d i a t e ; a n d 9 = k i l l e d . 
2 . N u m b e r o f t es ted access ions f a l l i n g i n t o c a t e g o r y sca le . 
3. S p e c i e s c o d e : 1 = C. bijugum, 2 = C. C h o r a s s a n i c u m ; 3 = C. cuneatum; 4 = C. e c h i n o s p e r m u m ; 5 = C. judaicum; 6 = C. 
pinnatifidum; 7 - C. reticulatum; a n d 8 = C. yamashitae. 
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Several sources of resistance to f usa r i um w i l t 
(Fusarium oxysporum f. sp ciceri) of ch ickpea 
are ava i lab le . We evaluated new germp lasm 
n u m b e r i n g 1283 accessions col lected ma in l y 
f r o m M a d h y a Pradesh and Ra jas than states o f 
I n d i a , and Bangladesh in the w i l t and roo t ro t 
nursery a t l C R I S A T Center , d u r i n g the past 
three seasons (1985 /86 -1987 /88 ) . D u r i n g the 
1988/89 season, we evaluated the w i l t react ion 
and y ie ld o f the resistant accessions in the w i l t 
and roo t rots nursery itself. 
We eva luated 428 accessions d u r i n g the 1985/ 
86 season, 395 accessions d u r i n g the 1986/87 
season, and 460 accessions d u r i n g the 1987/88 
season. The procedure f o l l owed f o r eva lua t ion 
was to sow 40 seeds per accession in a 4 - m r o w in 
the f i rs t year and select l ines w i t h less t han 2 0 % 
m o r t a l i t y . We sowed the seeds col lected f r o m 
such accessions after e l im ina t i ng susceptible 
p lants in the next year in t w o 4 -m rows repl icated 
tw ice in a randomized -b lock design ( R B D ) . The 
accessions w i t h less t han 10% m o r t a l i t y in the 
second year were considered resistant. A sus­
cept ib le cu l t i va r JG 62 was sown after every t w o 
test rows. 
The f i na l observat ions on m o r t a l i t y due to w i l t 
and roo t ro t were recorded at phys io log ica l 
m a t u r i t y stage. The susceptible cu l t i va r JG 62 
showed 100% m o r t a l i t y in a l l the three years o f 
eva lua t ion . D r y r oo t r o t incidence was also h i gh 
in al l seasons. Several l ines tha t showed resis­
tance to w i l t succumbed to d r y r o o t ro t . The lines 
tha t showed < 1 0 % m o r t a l i t y were u p r o o t e d 
and examined f o r the extent o f r o o t necrosis due 
to d r y r o o t r o t , and a l l o f t h e m were f o u n d to 
have very extensive roo t necrosis. O u t of 1283 
accessions eva lua ted , 117 accessions showed less 
t h a n 2 0 % m o r t a l i t y i n the f i rs t year o f screening, 
and of these 38 accessions showed less than 10% 
m o r t a l i t y in the second year of screening. Sev­
eral resistant accessions showed higher y ie ld 
po ten t i a l t h a n the resistant and h igh -y ie ld ing 
sho r t - du ra t i on con t ro l cu l t i va r A n n i g e r i . 
Ch i ckpea l ines w i t h less t h a n 10% m o r t a l i t y in 
a w i l t - s i ck p l o t a t I C R I S A T Center are shown in 
Tab le 4 . 
T a b l e 4 . C h i c k p e a l ines f o u n d res is tan t t o f u s a -
r i u m w i l t a n d r o o t r o t s i n f i e l d s c r e e n i n g a t 
I C R I S A T C e n t e r , 1 9 8 5 / 8 6 - 1 9 8 7 / 8 8 . 
Ser ia l 
n u m b e r 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
C h i c k p e a 
l ines 
I C C 12969 
I C C 12989 
I C C 13024 
I C C 14303 
I C C 14516 
I C C 14528 K 
I C C 14532 
I C C 14619 
I C C 14631 
I C C 14671 
I C C 14680 
I C C 14681 
I C C 14691 
I C C 14734 
I C C 14735 
I C C 14762 
I C C 14764 
I C C 14795 
I C C 15023 
Ser ia l 
n u m b e r 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
C h i c k p e a 
l ines 
I C C 15075 
I C C 15081 
I C C 15090 
I C C 15094 
I C C 15105 
I C C 15108 
I C C 15125 
I C C 15127 
I C C 15133 
I C C 15135 
I C C 15140 
I C C 15146 
I C C 15166 
I C C 15168 
I C C 15178 
I C C 15228 
I C C 15230 
I C C 15233 
I C C 15236 
ha -1 ). I C C 11223 was the h ighest -y ie ld ing test 
l ine (2.72 t ha - 1 ) bu t i t was no t s ign i f icant ly 
(P>0.05) better than the c o n t r o l cu l t i va r . At 
H isa r , the h ighest -y ie ld ing c o n t r o l cu l t i va r was 
Pant G 114 (4 t ha - 1 ) . 
The ge rmp lasm accessions selected f o r y ie ld 
eva lua t i on were those w i t h p roven resistance/ 
to lerance to w i l t and roo t rots. T h o u g h the y ie ld 
was evaluated fo r on ly one season, the present 
s tudy indicates tha t many o f the w i l t and r o o t 
ro t - res is tant l ines have g o o d y ie ld po ten t i a l . I t is 
su rp r i s ing to f i nd several l ines ou ty ie ld ing the 
c o n t r o l cu l t i va r A n n i g e r i a t I C R I S A T Center. 
New Wilt and Root Rot Resistance 
Sources of Chickpea and their 
Agronomic Evaluation 
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R o l e of T a l l and Erect P lant Type and 
W i d e r R o w Spacing in the M a n a g e m e n t 
o f Botryt is Gray M o l d 
Of la te, the economic impor tance o f bo t ry t i s 
gray m o l d disease of ch ickpea caused by Botrytis 
cinerea in nor theast I nd i a , Nepa l , and Bangla­
desh has been real ized. To increase or stabi l ize 
ch ickpea p r o d u c t i o n in this reg ion , appropr ia te 
pract ices f o r the management of this disease 
need to be adop ted . In ou r exper ience, al l the 
l ines tha t showed to lerance at Pantnagar , U t t a r 
Pradesh, over f ive seasons (1982-87) were badly 
affected a t R a m p u r in Nepa l where cond i t ions 
are more favorab le f o r disease deve lopment . 
Bo t r y t i s gray m o l d is a disease favored by h igh 
re la t ive h u m i d i t y in the c rop canopy. In a f ie ld 
t r i a l conduc ted at Pan tnagar d u r i n g the 1988/89 
pos t ra iny season, we studied the inf luence of t a l l , 
erect, compac t , and spreading ch ickpea geno-
types and of i n t e r r o w spacing on disease devel-
opmen t and g ra in y ie ld to determine the i r possi­
ble use in the management of the disease. 
The t w o genotypes used were I C C L 87322 and 
H 208. I C C L 87322 is a newly developed breed­
i ng l ine w i t h t a l l , erect, and compac t g r o w t h 
hab i t . H 208 is a t r a d i t i o n a l bushy and spreading 
type . We sowed these genotypes in t w o sets of 
p lo ts a t t w o d i f fe rent r o w spacings: the n o r m a l 
30 * 10 cm and an al tered and w ider 60 x 5 cm 
spacing. The exper imenta l design f o l l owed was 
R B D w i t h three rep l ica t ions. The p lo t size was 
5.4 m 2 . We ar t i f i c ia l l y inocu la ted the who le t r i a l 
w i t h bo t ry t i s gray m o l d i n o c u l u m (40 000 con i -
d ia m L - 1 ) on 7 February and 14 February , 1989. 
We sprayed one set of these plots twice w i t h 0 .2% 
Ron i l an® on 23 February and 10 M a r c h ; and d id 
no t spray the others. We recorded g ra in y ie ld 
and observat ions on bo t ry t i s gray m o l d severity 
a t f l o w e r i n g and early p o d d i n g stage using a 19 
scale (1 = no symptoms; 9 = al l p lants k i l led) . 
We calculated the disease severity scores and 
g ra in y ie ld i n d i f ferent t reatments. R o n i l a n ® 
spray s ign i f i can t ly reduced gray m o l d severity in 
p lo ts of H 208 sown at 60 x 5 cm but had no effect 
on any o ther t rea tment . However , the t a l l , erect, 
and compac t genotype I C C L 87322 showed sig­
n i f i can t l y (P < 0.05) less disease t h a n H 208 
i r respec t i ve o f f u n g i c i d e t r e a t m e n t o r r o w 
spacings. 
B o t h the genotypes gave s ign i f icant ly higher 
g ra in yields at wider row spacing under bo th 
sprayed and nonsprayed condi t ions. I C C L 87322 
s ign i f icant ly outy ie lded H 208 in sprayed and 
nonsprayed cond i t ions at b o t h the spacings. I t 
y ie lded over 51 ha -1 at the w ider spacing of 60 x 5 
c m . The results o f the exper iment clearly show 
that bot ry t is gray mo ld can be better managed 
by the use of t a l l , erect, and compac t genotypes 
and w ider r o w spacing w i t h o u t any y ie ld loss. 
Ascochyta Blight Resistance Screening 
a t l C A R D A 
We sowed an area of 8.6 ha w i t h segregating 
mater ia ls ( F 2 - F6) and breeding l ines. We eva lu­
ated these mater ia ls against a m i x tu re of six 
races (1 t h r o u g h 6) of A. rabid. Despi te a very 
d r y and w a r m spr ing, the disease development 
was sat isfactory and a l lowed effective screening 
of the mater ia l . Ou t of a to ta l of 14 451 F4 - F6 
progenies, 449 progeny lines were rated 3 and 
4096 rated 4 on a 1-9 scale, where 1 - free and 9 = 
k i l l ed . O u t of 1078 newly bred lines ( F 7 - F9 
generat ions) , 72 l ines had a ra t i ng of 3, 463 lines 
had a ra t i ng of 4, and 378 lines had a ra t ing of 5. 
Comparison of Screening at Seedling and Adult 
Plant Stage 
We i nd i v i dua l l y screened 352 germplasm and 
breeding lines f o u n d resistant (rat ings 3 and 4) 
against a m i x t u r e of f ou r races of A. rabid in the 
f ie ld against race 3, race 6, and a m i x tu re of 1-4 
races. The f o l l o w i n g conclusions can be d r a w n 
f r o m the results presented in Tab le 5. F i rs t , 
screening lines up to adu l t p lan t stage is more 
re l iable than screening on ly at seedling stage 
because many lines f ound resistant at the seed­
l i ng stage became susceptible at the adul t p lant 
stage. Second, greenhouse screening is harsher 
than f ie ld screening against a m i x t u r e of races 
1-4 because a l l the lines tested in the greenhouse 
were resistant in the f ie ld screening. T h i r d , 0 
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T a b l e 5 . R e a c t i o n o f l ines h a v i n g f i e l d res is tance t o a s c o c h y t a b l i g h t t o races 1 - 4 i n t h e g r e e n h o u s e test 
a t T e l H a d y a , S y r i a , 1 9 8 8 / 8 9 . 
Race 
R a c e 3 
Race 6 
M i x t u r e o f 1-4 
races 
Race 3 
Race 6 
M i x t u r e o f 1-4 
races 
R e a c t i o n on 1-9 scale1 
1 
0 
0 
1 
0 
0 
0 
2 
6 
0 
2 
0 
0 
0 
3 
41 
1 
2 
0 
0 
2 
4 5 6 
Seed l i ng stage 
101 105 42 
12 33 139 
21 9 1 52 
A d u l t p l a n t stage 
33 56 51 
0 1 5 
6 76 28 
7 
17 
97 
25 
60 
11 
33 
8 
3 
24 
8 
70 
35 
31 
9 
0 
9 
2 
45 
263 
26 
T o t a l 
315 
315 
202 
315 
315 
202 
1. S c a l e : 1 = f r e e ; 5 = i n t e r m e d i a t e ; a n d 9 = k i l l e d . 
Chickpea V i ro logy 
We fu r t he r s tudied the lu teov i rus , isolated f r o m 
ch ickpea plants showing stunt symptoms at 
I C R 1 S A T Center in order to unders tand its re la­
t i o n s h i p w i t h the bean leaf r o l l v i rus . We m o d i ­
f ied a p u r i f i c a t i o n procedure developed earl ier 
( 1 C R 1 S A T A n n u a l Repor t 1987, p . 147). We 
inc luded t rea tment w i t h organ ic solvents p r i o r 
t o po lyethy lene g lyco l ( P E G ) p rec ip i ta t i on . We 
also mod i f i ed the gradients fo r rate zona l densi ty 
grad ient cen t r i f uga t ion in sucrose so lu t ions. We 
p roduced a po l yc l ona l an t i se rum fo r pu r i f i ed 
v i rus , w h i c h had m i n i m a l reac t ion w i t h heal thy 
p lant mate r ia l . 
We developed a s imple m e t h o d f o r processing 
the lu teov i rus f o r rou t i ne detect ion o f the lu teo -
v i rus in i n d i v i d u a l ch ickpea p lan ts . U s i n g th is , i t 
was possible to detect the lu teov i rus in d i rect 
antigen coat ing ( D A C ) - Enzyme-L inked I m m u n o ­
sorbent Assay ( E L I S A ) , w h i c h is by fa r the 
simplest o f a l l E L I S A procedures. 
We studied serological relat ionships in E L I S A , 
u t i l i z i ng ant isera o f several luteoviruses. We 
used pa r t i a l l y pu r i f i ed v i rus f r o m single p lants 
and pu r i f i ed v i rus extracted f r o m several p lants. 
The v i rus reacted w i t h the homo logous ant ise­
r u m , bean leaf r o l l , subter ranean c lover red leaf, 
soybean dwa r f , and legume ye l low v i rus ant is­
era. We are cu r ren t l y us ing p ro te in A and F (ab)2 
f ragments f r o m the homo logous ant iserum in 
E L I S A t o ob ta in quant i ta t i ve data. 
We also col lected ch ickpea p lants showing 
s tunt symp toms at Hisar . A lu teov i rus was p u r i ­
f ied and we are cu r ren t l y conduc t i ng compa ra ­
t ive tests on the 1 C R I S A T and H isar isolates. 
We conduc ted t ransmiss ion tests w i t h s tun t -
infected plants u t i l i z ing Aphis craccivora, Myzus 
persicae, and A. gossypii. Aphis craccivora 
t r ansmi t ted the v i rus e f f ic ient ly f r o m one chick-
pea p lant to another . A d d i t i o n a l l y , M. persicae 
as we l l as A. gossypii t ransmi t ted the v i rus f r o m 
one ch ickpea p lan t to ano ther , bu t less effec­
t ive ly t h a n A. craccivora. 
l ines were resistant ( 1 - 4 ra t ing) against race 6, 
33 l ines against race 3, and 8 l ines against a 
m i x t u r e of races 1 - 4 . F o u r t h , on l y one select ion, 
S 87110, was resistant to b o t h race 3 and a m i x ­
ture of f o u r races, and the rema in ing lines were 
resistant to ei ther race 3 or a m i x t u r e of f o u r 
races. 
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Insect Pests 
P o d Borer (Helicoverpa armigera) 
Host Resistance 
D u r i n g 1988/89, we evaluated 1039 new ge rm-
p lasm accessions in nonrep l ica ted p lo ts in the 
pesticide-free Ver t i so l area at I C R I S A T Center 
f o r Helicoverpa damage at p o d d i n g stage. We 
also screened lines bred f o r Helicoverpa resis­
tance and w i l t as we l l as the breeders' elite mate­
r i a l f o r bore r suscept ib i l i ty under pesticide-free 
cond i t i ons a t I C R I S A T Center and a t Hisar . 
There was severe w i l t incidence in one of ou r 
expe r imen ta l f ie lds, B M - 8 A , where several en­
tr ies were affected. However , some of the selec­
t ions surv ived up to m a t u r i t y . These selections 
have been advanced fo r f u r the r test ing. 
We fu r the r tested our p rom is ing selections at 
d i f fe ren t locat ions i n I nd ia i n co l l abo ra t i on w i t h 
the A l l I n d i a Coo rd ina ted Pulses I m p r o v e m e n t 
Pro jec t ( A I C P I P ) entomolog is ts . We suppl ied 
seeds of 6 -8 selections of d i f fe ren t matur i t ies to 
10 A I C P I P entomolog is ts f o r test ing in n o n p r o ­
tected p lo ts , a long w i t h selections f r o m the 
na t i ona l p r o g r a m . The results obta ined f r o m 
these tests are being processed to ascertain the i r 
su i tab i l i t y to d i f ferent agroeco log ica l zones and 
to check the s tab i l i ty o f the i r resistance to 
Helicoverpa. 
We also suppl ied seeds f o r the I n te rna t i ona l 
C h i c k p e a Helicoverpa Res is tance N u r s e r y 
( I C H R N ) t r ia ls i n seven count r ies i nc lud ing 
I n d i a . A l t oge the r we suppl ied 35 t r ia ls of d i f fe r ­
ent m a t u r i t y du ra t i ons to de termine the re lat ive 
impor tance of insect pests in d i f ferent agroeco­
logical cond i t ions . 
In large iso la t ion p lots (0.1 ha each) on 
fa rmers ' f ields in Sh i rapur (Sho lapur d is t r ic t , 
Maharash t ra ) , the Helicoverrpa-resistant selec­
t ions , l C C L 86102, I C C V 7 , and I C C 506, 
showed 1.8%-4.4% pod borer damage under 
nonpro tec ted cond i t ions . In a choice s i tua t ion in 
the same vi l lage, I C C 506 showed 0.3% pod 
damage, whereas 22.4% pod damage was re­
corded in the loca l cu l t i var . These results con ­
f i r m the h igh level of borer resistance observed in 
the selections made a t I C R I S A T Center in smal l 
p lo t tests. 
Mechanisms of Resistance 
We con t inued ou r l abo ra to ry studies on the 
mechanisms of resistance to Helicoverpa in 
ch ickpea genotypes using moths and larvae p r o ­
duced under asceptic cond i t ions . In studies of 
ov ipos i t i on preference, using f l ower ing twigs 
w i t h green pods of resistant and susceptible geno­
types, we f o u n d tha t there were, on average, 5 6 % 
fewer eggs on I C C 506 and 36 .7% fewer eggs on 
I C C X 730008-8 than on the c o n t r o l Ann ige r i . 
We not iced 4 6 % fewer eggs on l C C L 86101 and 
3.4% fewer eggs on I C C X 730008-8 compared 
w i t h the susceptible genotype, I C C X 730266-3. 
In the m e d i u m - l o n g d u r a t i o n g roup , we f o u n d 
98 .5% fewer eggs on lCCX-730020-11-1 , 6 8 % 
fewer eggs on I C C L 86111, and 56% fewer eggs 
on I C C L 86105 t h a n on the susceptible I C C 
3137. The k a b u l i selection I C C X 730244 had 
33%) lesser eggs than the con t ro l L 550. 
To s tudy the ant ib iosis present in leaves and 
pods of borer-resistant selections, we separately 
reared f reshly hatched Helicoverpa larvae on 
f ie ld-col lected leaves and green pods of d i f fe rent 
genotypes. We measured la rva l mo r ta l i t y and 
mass of the f reshly f o r m e d pupae reared on each 
diet to ident i fy possible an t ib io t i c effects in the 
borer-resistant genotypes. These studies showed 
that when Helicoverpa larvae were fed on f o o d 
der ived f r o m resistant genotypes as opposed to 
the susceptible genotypes, b o t h la rva l m o r t a l i t y 
and loss in pupa l mass were higher. 
Pest Incidence 
A l t h o u g h infestat ions were very l ow in 1988/89, 
Helicoverpa armigera was the d o m i n a n t insect 
pest on ch ickpea at I C R I S A T Center and at a l l 
the o ther locat ions surveyed in southern As ia . 
In the Med i te r ranean reg ion , as in previous 
years, the leaf m ine r (Liriomyza cicerina) was 
repor ted to be the most widespread f ie ld pest. 
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Drought and Incidence of Pest Damage 
I n f o r m a t i o n avai lable on the re la t ionsh ip be­
tween d r o u g h t and insect-pest outbreaks sug­
gests that drought-stressed ch ickpea may suffer 
greater p o d borer damage t h a n ch ickpea g r o w ­
ing under o p t i m u m mois tu re cond i t i ons . We 
therefore set up exper iments to s tudy the i n f l u ­
ence of water def ic i ts on H. armigera incidence 
in ch ickpea. Exper imen ts car r ied ou t a t I C R I -
S A T Center i n c o l l a b o r a t i o n w i t h the B iochem­
is t ry U n i t showed that drought-s t ressed ch ick -
pea accumulates h igher levels o f p ro l i ne , reduc­
ing sugars, and free n i t r ogen ( N ) t h a n i r r i ga ted 
ch ickpea. 
D i f f e rences be tween t r e a t m e n t s increased 
a round the t ime o f f l o w e r i n g and p o d d i n g . The 
highest p ro l i ne and sugar concent ra t ions were 
observed in the non i r r i ga ted t reatments d u r i n g 
and after p o d d i n g — t h e pheno log ica l stages most 
susceptible to damage by H. armigera. Results 
f o r one of the t w o genotypes tested are shown in 
F igu re 2 . We f o u n d no di f ferences in levels o f 
pod borer at tack in i r r igated vs moisture-stressed 
ch ickpea, ma in l y because the pest's incidence 
was l ow on I C R I S A T f a r m i n the 1988/89 post -
ra i ny season. Howeve r , when these osmoly tes 
were tested separately in l abo ra to ry exper iments , 
the caterp i l la rs showed a s ign i f i cant (P<0.05, 
pa i red V- tes t ) increased feeding response in the 
presence o f sucrose and p ro l i ne ( F i g . 3). We 
in tend to s tudy th is insec t -p lan t -env i ronment 
i n te rac t i on f u r t he r t o o b t a i n know ledge tha t 
w i l l : 
(1) help p lan t breeders select f o r cu l t i vars tha t 
are no t extensively damaged by pests under 
cond i t i ons o f d rough t ; 
(2) ind icate whether soi l mo is tu re conserva t ion 
measures need to be inc luded in an overa l l 
p lan of in tegrated pest management . 
Figure 2. Effect of drought stress on (a) proline, (b) 
reducing sugar, and (c) soluble nitrogen accumulation 
in the foliage of chickpea cultivar Annigeri, ICRISAT 
Center, postrainy season 1988/89. 
b y M ) repor ted ear l ier ( I C R I S A T A n n u a l Re­
por t 1987, pp . 155 156) to determine the i r sui t ­
ab i l i t y as reference n o n f i x i n g cont ro ls in b i o l og ­
ical n i t rogen f i xa t i on ( B N F ) studies. We included 
a l l the m u t a n t s , the i r parents , bar ley {Hordeum 
P l a n t N u t r i t i o n 
F u r t h e r Studies o n N a t u r a l N o n -
n o d u l a t i n g M u t a n t s 
We stud ied f u r t he r the na tu ra l n o n n o d u l a t i n g 
mu tan ts (nonnods) o f f o u r genotypes (suf f ixed 
non i r r i ga ted (ni) 
i r r i ga ted (i) 
a 120 
100 
80 
6 0 
4 0 
2 0 
b 3.2 
2.4 
1.6 
0.8 
0.48 
0.44 
0.40 
0.36 
0.32 
0.28 
C 
FL 
37 4 4 51 58 6 5 7 2 7 9 8 6 
D a y s after s o w i n g 
FL 
PS 
PS 
i 
ni 
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Figure 3. The effect of sucrose and proline on the 
feeding response of Helicoverpa armigera caterpillars 
(4th instar), ICRISAT Center, 1989. Area shown in 
white is the disc area eaten; chemicals were presented 
to the insect on glass fiber discs (Whatman, GF/A, 
4.25 cm diameter). 
vulgare L . ) , and linseed (Linum usitatissimum 
L.) in a f ie ld t r i a l in 1988/89 at the I C R I S A T 
Coopera t i ve Research S ta t i on , Gwa l i o r , w i t h six 
N fer t i l i zer (as urea) levels: 0, 20, 50, 100, 150, 
and 200 kg N ha - 1 in three rep l ica t ions . We i r r i ­
gated the t r i a l twice d u r i n g the c rop g r o w t h 
per iod of abou t 126 days. G r o w t h dif ferences 
between N- fer t i l i zed and unfer t i l i zed nonnods 
were measurable on ly in the samples taken at 92 
D A S , bu t n o t a t 64 D A S . Nonnods fer t i l i zed 
w i t h N to an o p t i m u m level had a g r o w t h pat te rn 
s im i la r to the i r respective nodu la t i ng genotypes, 
suggest ing tha t the nonnods were appropr ia te 
n o n f i x i n g con t ro ls . The g r o w t h o f l inseed was 
s imi la r to tha t o f the nonnods , b o t h w i t h and 
w i t h o u t N fer t i l i zer , suggest ing tha t th is non le -
gume w o u l d also be an appropr ia te n o n f i x i n g 
c o n t r o l f o r ch ickpea. 
T h e nonnods showed apparent N def ic iency 
symptoms at 58 D A S when g r o w n w i thou t N 
fer t i l izer (Table 6). Un l i ke nonnod groundnuts 
( I C R I S A T A n n u a l Repor t 1981, p . 189), al l the 
ch ickpea nonnod lines had apparent ly n o r m a l 
roo t hairs. Shoot mass and gra in y ie ld of non -
nods responded to N-fert i l izer app l ica t ion . G r a i n 
y ie ld of h igh -nodu la t i ng lines K 850 and I C C 4 3 5 
decreased and those of l ow -nodu la t i ng lines 
Ann iger i and Rabat increased w i th N appl icat ion. 
These in teract ions between nodu la t i on and N 
fer t i l izer status have obv ious imp l ica t ions on the 
methodo logy o f eva luat ing breeding mater ia l . 
Under h igh soi l N cond i t ions , selection of poo r l y 
nodu la t i ng genotypes may be favored. 
G r a i n a n d F o o d Q u a l i t y 
F l o u r Par t ic le Size I n d e x 
The phys icochemica l characterist ics of desi and 
k a b u l i types received increased a t ten t ion . The 
d i s t r i bu t i on o f f l o u r part ic le size in g round f l ou r , 
referred to as the par t ic le size index ( P S l ) , is 
related to g ra in hardness. We determined the 
PS1 i n f o u r desi ( I C C V l [ I C C C 4 ] , I C C C 37, 
I C C C 42, and Ann ige r i ) and f ive k a b u l i ( I C C V 
2 , I C C V 3 , I C C V 4 , I C C V 5 , and I C C V 6 c u l t i -
vars. W h o l e seed and dha l samples of these cu l t i -
vars were dr ied in an oven at 55° C f o r 2 h and 
g r o u n d in Buhler and Udy mi l ls separately. 
G r o u n d samples (10 g) were sieved t h r o u g h 250 
and 150 µm mesh openings. Samples retained on 
each of the sieves were calculated as a weight 
percentage of the who le sample and expressed as 
P S I . As shown in Tab le 7 , the P S I values were 
cons iderably h igher in the who le seed than in 
d h a l samples. The lower the p r o p o r t i o n o f f ine 
part ic les in a f l o u r sample, the harder is the 
g ra in . U d y m i l l y ielded f iner f l ou r compared to 
Buh le r m i l l . A l t h o u g h there were no clear d i f fe r ­
ences in the P S I values between the desi and 
k a b u l i types, the differences a m o n g the cu l t ivars 
o f desi o r k a b u l i types were s ign i f icant ( P < 0 . 0 1 
based on F test). The signi f icance of th is f inding 
in re la t ion to dehu l l i ng propert ies o f desi and 
kabu l i ch ickpea has to be invest igated. 
Distilled water (T3) Proline (T4) 
Distilled water (T1) 
2.38 c m 2 
Sucrose (T2) 
3.98 c m 2 
1.83 c m 2 3.27 c m 2 
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T a b l e 6 . S a l i e n t c h a r a c t e r s o f n o n n o d u l a t i n g m u t a n t s c o m p a r e d w i t h t h e i r p a r e n t s a t 0 k g ( 0 N ) a n d 
1 0 0 k g N h a - 1 ( 1 0 0 N ) , G w a l i o r , p o s t r a i n y season 1 9 8 8 / 8 9 . 
C h i c k p e a 1 
l i ne 
A n n i g e r i 
A n n i g e r i - M 
I C C 435 
I C C 4 3 5 - M 
K 850 
K 8 5 0 - M 
R a b a t 
R a b a t - M 
S E 
C V (%) 
N o d u l e 
mass (g r r r 2 ) 
at 58 D A S 
O N 100 N 
7.0 2.6 
0 0 
10.8 7.1 
0 0 
12.3 6.1 
0 0 
5.0 4 .9 
0 0 
±1.1613 
38.2 
A p p a r e n t 
N -de f i c i ency 
s y m p t o m s 2 
0N 100 N 
A b o v e - g r o u n d 
b i o m a s s 
( t h a - ' ) 
0N 100 N 
9.33 8.93 
5.73 5.35 
7.59 6.17 
4 .70 6.70 
6.87 7.02 
7.59 7.62 
5.32 6.96 
6.70 7.52 
±1.657 
32.1 
G r a i n y ie ld 
( t ha ' ) 
O N 
2.91 
1.56 
3.57 
2.24 
3.70 
2.69 
2.55 
2.06 
±0.367 
19.2 
100 N 
3.20 
2.57 
2.87 
3.02 
3.42 
3.69 
3.22 
3.44 
1 . G e n o t y p e - M i s t h e n o n n o d u l a t i n g m u t a n t o f t h e g e n o t y p e g i v e n . 
2 . P o o r p l a n t g r o w t h , s m a l l leaves w i t h n a r r o w l ea f l e t s , l i g h t g r e e n f o l i a g e , c o n s p i c u o u s r e d - b r o w n m a r g i n s i n A n n i g e r i - M b u t 
less c o n s p i c u o u s i n o t h e r m u t a n t s . 
3 . N o n n o d s h a v e b e e n e x c l u d e d f r o m t h e a n a l y s i s . 
T a b l e 7 . P a r t i c l e size i n d e x ( P S I ) o f n e w l y d e v e l o p e d c h i c k p e a , I C R I S A T C e n t e r , p o s t r a i n y season 
1 9 8 7 / 8 8 1 . 
C u l t i v a r 
Des i 
l C C V 1 ( l C C C 4 ) 
I C C C 3 7 
I C C C 4 2 
C o n t r o l 
A n n i g e r i 
K a b u l i 
l C C V 2 ( l C C L 82001) 
l C C V 3 ( l C C L 83006) 
1 C C V 4 ( 1 C C L 83004) 
1 C C V 5 ( 1 C C L 83009) 
I C C V 6 ( I C C C 32) 
S E 
Percentage of par t i c les re ta ined on sieve (µm) 
W h o l e seed 
B u h l e r 
250 
13.6 
7.4 
6.2 
13.4 
8.9 
20.0 
4.3 
3.8 
5.5 
±0.79 
150 
30.3 
22.5 
20.1 
27.1 
29.4 
32.5 
16.9 
15.9 
21.8 
±1.07 
U d y 
250 
12.4 
18.5 
16.3 
16.6 
8.8 
9.4 
6.6 
6.3 
8.1 
±0.20 
150 
16.0 
14.4 
14.6 
14.6 
14.7 
14.9 
12.8 
11.4 
15.5 
±0.46 
D h a l 
B u h l e r 
250 
0.9 
2.0 
1.3 
1.1 
1.0 
0.7 
1.0 
0.5 
1.1 
±0.24 
150 
18.2 
12.7 
11.0 
12.5 
20.4 
14.5 
18.9 
13.9 
17.5 
±0.79 
U d y 
250 
1.5 
1.4 
1.5 
0.8 
1.3 
1.8 
1.1 
1.7 
1.7 
±0.13 
150 
4.6 
4.3 
3.8 
2.9 
3.3 
4.8 
3.9 
4.2 
5.4 
±0.29 
1 . Based o n t w o d e t e r m i n a t i o n s o f e a c h c u l t i v a r . 
- -
+ -
- -
-+ 
- -
-+ 
+ -
-+ 
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Effect of Scarif ication on Prote in 
Fract ions and A m i n o Acids 
We studied the effect o f scar i f i ca t ion o f ch ickpea 
coty ledons on p ro te in qua l i t y . We scari f ied 
A n n i g e r i co ty ledon samples fo r 0, 2 , 4 , 8, and 12 
m i n in a Tangent ia l Abras ive D e h u l l i n g Device 
( T A D D ) and collected the resul t ing dha l and 
f l o u r samples at each t ime in te rva l . We est i ­
mated the d i s t r i b u t i o n o f var ious so lub i l i t y f rac­
t ions in dha l and powder f ract ions and deter­
m ined the a m i n o acid compos i t i on o f dha l and 
powde r f r a c t i o n . The a l b u m i n f rac t ion i n dha l 
samples decreased w i t h increased scar i f ica t ion 
t ime . Powder f ract ions conta ined a higher c o n ­
cen t ra t i on o f a l b u m i n and g lu te l in f ract ions 
compared to dha l f rac t ions , and the reverse was 
t rue f o r the g l o b u l i n f r a c t i o n . A m i n o acid c o m ­
pos i t i on da ta revealed tha t the scar i f i ca t ion p r o ­
cess d id no t adversely affect the p ro te in qua l i t y 
o f dha l o r powder f ract ions. 
Chemical Composit ion of Chickpea Leaf 
As pa r t o f ou r co l labora t ive w o r k w i t h the 
Legumes E n t o m o l o g y un i t on the n u t r i t i o n a l 
ecology of H. armigera, we assessed the chemical 
c o m p o s i t i o n o f ch ickpea leaf. We freeze-dried 
leaf samples (col lected at 40 D A S ) of I C C 506 
(resistant to p o d borer ) and A n n i g e r i (suscepti­
ble to p o d borer ) g r o w n in i r r iga ted and n o n i r r i -
gated f ie lds. The leaf samples were analyzed for 
the i r p rox ima te compos i t i on . Starch content o f 
leaf samples of I C C 506 ranged between 15.9 
(non i r r i ga ted ) and 19.7% ( i r r iga ted) , wh i le i t 
ranged f r o m 18.9 to 1 9 . 1 % (SE ±0.32) in A n n i ­
ger i show ing no s ign i f icant ( P > 0 . 0 5 ) differences 
between the t w o t reatments. M o i s t u r e , p ro te in , 
so lub le n i t r ogen , soluble sugars, reduc ing sug­
ars, and non reduc ing sugar contents o f A n n i g e r i 
and I C C 506 d i d no t reveal any s ign i f icant (P 
>0 .05 ) effects due to i r r i ga t i on . P ro l ine , wh i ch 
has a tendency to accumula te in d rough t c o n d i ­
t ions , was s ign i f i cant ly h igher in leaf samples of 
b o t h A n n i g e r i (69.0 mg [100 g ] - 1 ) and I C C 506 
(79.5 mg [100 g ] - 1 ) f r o m non i r r iga ted than those 
f r o m i r r i ga ted f ie lds ( A n n i g e r i — 47.6 mg [100 
g ] - 1 , I C C 506—59.0 m g [100 g ] - 1 . 
P l a n t I m p r o v e m e n t 
Breeding Shor t - a n d M e d i u m -
d u r a t i o n Des i Types 
F u s a r i u m w i l t , d r y roo t ro t , Helicoverpa pod 
borer , and d rough t are the m a j o r stresses fo r 
shor t - ( S D ) and m e d i u m - d u r a t i o n ( M D ) chick-
peas. We made crosses i nvo l v i ng parents car ry ­
i ng resistances to one or more of these stresses. 
Popu la t ions thus developed are being screened. 
L ine 1 C C L 86111 combines h igh y ie ld , w i l t 
resistance, and Helicoverpa to lerance. I C C C 37, 
a w i l t - and roo t rot-resistant cu l t i var , wh ich had 
been p e r f o r m i n g wel l in SD env i ronments , was 
named K r a n t i and was released by the Gove rn ­
ment o f A n d h r a Pradesh fo r general cu l t i va t i on . 
We con t r ibu ted sixty-eight entries fo r in terna­
t i o n a l ch ickpea screening nurseries and SD and 
M D tr ia ls . 
The success o f ex t ra shor t -du ra t ion ( E S D ) 
k a b u l i mater ia ls in SD env i ronments led us to 
select s imi la r lines in desi types. A number of 
such l ines are being tested in advanced y ie ld 
t r ia ls . We evaluated, fo r the f i rs t t ime , the newly 
developed wi l t - res is tant and E S D desi ch ickpea 
l ines, l C C V 88201 and I C C V 88202, i n rep l i ­
cated y ie ld tests, and in relat ively large p lots of 
600 m 2 a t I C R I S A T Center . In a ra in fed , n o n ­
pro tec ted f i e l d , they y ie lded a l i t t le over 1 t ha -1 
in 86 days. The seeds are at t ract ive, ye l low ish , 
and medium-s ized (seed mass 20 g [100 seeds] -1). 
By v i r tue o f the i r E S D , they are expected to f i t 
wel l in d rough t -p rone env i ronments and as a 
catch c rop in var ious c ropp ing systems. 
Breeding L o n g - d u r a t i o n D e s i 
Types 
L o n g - d u r a t i o n chickpeas, g r o w n in re lat ively 
coo l c l imates, can be at tacked by ascochyta 
b l i gh t and bo t ry t i s gray m o l d . W i l t , s tunt , and 
Helicoverpa pod borer can also affect the c rop . 
The ascochyta b l igh t screening nursery at 
H isa r , a fac i l i t y ma in ta ined by the H a r y a n a 
A g r i c u l t u r a l Un ivers i t y ( H A U ) , enabled us to 
select three breeding l ines w i t h a ra t i ng of 3 on 
98 Chickpea 
the 1 -9 scale (where 1 - free f r o m symp toms , and 
9 = k i l l ed by the disease), and 36 w i t h a ra t ing of 
5. The bo t r y t i s gray m o l d screening nursery at 
Pan tnagar managed by G.B. Pant Un ive rs i t y o f 
A g r i c u l t u r e and Techno logy gave a fa i r l y u n i ­
f o r m , no t t o o severe disease i n fes ta t i on , and we 
iden t i f i ed , and selected f o r f u r the r test ing, 19 
progenies w i t h a ra t i ng o f 2 - 3 . 
We also recorded comb ined resistances. F o r 
instance, one l ine comb ined resistances against 
w i l t , s tun t , and ascochyta b l igh t . The t w o most 
p r o m i s i n g t r i a l entr ies f o r H isar had a mean yield 
of 4.4±0.27 and those fo r Gwa l i o r 3.3±0.18 t ha - 1 ; 
they had a score of 5 f o r ascochyta b l igh t , were 
w i l t resistant , and ou ty ie lded the c o n t r o l , H 208, 
by 13% at H isa r and by 2 7 % at G w a l i o r . 
I C C V 2 , an E S D k a b u l i cu l t i va r , was approved 
by the G o v e r n m e n t o f A n d h r a Pradesh in Sep-
tember 1989. We have also received repor ts of 
g o o d pe r fo rmance o f th is cu l t i va r f r o m M a h a -
rash t ra , K a r n a t a k a , T a m i l N a d u , Or issa, and 
M a d h y a Pradesh. We were able to sow th is c u l ­
t i va r as late as 10 January ( w i t h i r r i ga t i on ) and 
thus harvested t w o crops a t I C R I S A T Center 
between Oc tober 1988 and M a r c h 1989 ( F i g . 4). 
Th is suggests tha t the cu l t i va r can be sown at 
va r y i ng t imes i n SD env i ronments , thus g i v ing 
farmers considerable f l ex ib i l i t y in the cu l t i va t i on 
o f ch ickpea. 
We gave greater emphasis to mu l t i p l e resis­
tance breed ing by i n v o l v i n g more t h a n t w o par ­
ents w i t h resistance to d i f ferent stresses in crosses. 
Breed ing K a b u l i C h i c k p e a W i n t e r Sowing 
K a b u l i c u l t i v a t i o n was ex tended t o S D env i ­
r onmen ts w h e n the p roposa l f r o m A n d h r a P ra ­
desh A g r i c u l t u r a l Un ive rs i t y ( A P A U ) t o release 
C h i c k p e a is sp r ing-sown in the Med i t e r ranean 
reg ion , bu t the y ie ld can be subs tan t ia l l y i n ­
creased by sow ing i t in ear ly w in te r us ing asco-
Figure 4. January-sown plots of extra-early chickpea at ICRISAT Center, 1989. October-sown crop is in the 
background. 
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chy ta b l i gh t and co ld - to le ran t l ines. A c o m p a r i ­
son of sp r ing vs w in te r sow ing has been made 
over 6 years (1983 /84 -1988 /89 ) at three sites 
(Te l H a d y a and Jindiress in Syr ia and Te rbo l in 
Lebanon) , us ing c o m m o n breeding lines rang ing 
between 72 and 384 lines in al l t r ia ls in each year. 
The w in te r o f 1984/85 was one of the coldest in 
the last 50 years, and the springs of 1983/84 and 
1988/89, especial ly at Te l H a d y a , were the d r i ­
est. Te l H a d y a is the driest of the three sites, 
T e r b o l the wettest , and Jindiress in termedia te , 
w i t h l ong - te rm average seasonal ra in fa l l be ing 
330 mm f o r Te l H a d y a , 575 mm fo r T e r b o l , and 
475 mm fo r J indiress. Te l H a d y a is located at 282 
m above sea level , T e r b o l above 980 m, and 
Jindiress 210 m above sea level. 
The seed y ie ld da ta in F igu re 5 a l l ow several 
conc lus ions: the w in te r -sown t r ia ls on average 
p roduced 1.63 t h a - 1 compared w i t h 1.0 t ha -1 f o r 
spr ing-sown t r ia ls , g iv ing 6 2 % more y ie ld . The 
y ie ld dif ferences between w in te r - and spr ing-
sown t r ia ls were larger d u r i n g d ry seasons t h a n 
Yie ld Performance of Newly Bred Lines 
O u t of 352 newly bred lines evaluated fo r yield in 
t w o seasons (w in te r and spr ing) and three loca­
t ions (Te l H a d y a , J indiress, and Te rbo l ) , a large 
number o f l ines were f o u n d super ior in y ie ld , but 
on ly a few were at a s igni f icant level. Despi te 
severe d rough t in 1988/89, many lines produced 
over 2 t ha-1 at Jindiress and Te rbo l and over 1 t 
ha - 1 a t Te l H a d y a d u r i n g w in te r sowing . In 
spr ing also, many lines produced higher yields 
t han the con t ro l . 
Figure 5. Mean seed yield (kg ha-1) of chickpea grown in two seasons (winter and spring) and 6 year 
(1983/84-1988/89) at three locations (Tel Hadya. Jindiress, and Terbol). 
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n o r m a l seasons, as in 1983/84 and 1988/89. D u r ­
ing the abnormal ly cold year (1984/85) , yields of 
w in te r -sown t r ia ls were lower than those of 
spr ing-sown t r ia ls . The y ie ld po ten t ia l o f w in te r -
sown chickpea is shown by its 10% increase in 
y ie ld . On an average, the y ie ld was 2.29 t ha - 1 
compared w i t h 0.94 t ha - 1 average y ie ld of 
spr ing-sown chickpea in Lebanon and Syr ia . 
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E x t e n d i n g C h i c k p e a A d a p t a t i o n 
L a t e S o w i n g a t H i g h e r L a t i t u d e s 
G r o w i n g chickpeas af ter r i ce , c o t t o n , maize, and 
o ther coarse cereals is becoming a c o m m o n 
f a r m i n g pract ice in the n o r t h e r n la t i tudes o f the 
I n d i a n subcont inent . The late harvest ing o f these 
crops in N o v e m b e r or December o f ten delays 
s o w i n g o f chickpeas beyond its o p t i m u m sow ing 
date. The present day cu l t ivars developed for 
a d a p t a t i o n to sow ing a t the n o r m a l t ime are 
p o o r l y adapted to late sowing . 
We con t i nued ou r breed ing and test ing p r o ­
g r a m , t r y i n g to comb ine adap ta t i on to late sow­
ing w i t h resistance to b io t ic (w i l t , s tunt , asco-
chy ta b l i gh t , and pod borer ) and ab io t i c (co ld 
and d r o u g h t ) stresses at ou r Coopera t i ve Re­
search Sta t ions at H isar and Gwa l i o r . In an 
advanced y ie ld t r i a l a t H isar , t w o lines ( I C C L 
89861 and I C C L 89862) gave s im i la r yields as the 
c o n t r o l cu l t i va r , Pant G 114 (2.7±0.13 t ha - 1 ) , bu t 
showed comb ined resistance to w i l t , ascochyta 
b l i gh t , s tun t , and pod borer. The best en t ry in the 
same t r i a l at G w a l i o r y ie lded 3.0±0.12 t ha - 1 , 
c o m p a r e d w i t h 2.3±0.12 t ha - 1 by Pant G-114, 
and recorded on l y 9% w i l t and 14% stunt . 
B r e e d i n g f o r A d a p t a t i o n t o H i g h 
F e r t i l i t y a n d I r r i g a t i o n 
W h e n nut r ien ts and soi l mo is tu re are no t l i m i t ­
i n g , chickpeas tend to deve lop excessive vegeta­
t ive g r o w t h , pa r t i cu la r l y i n L D env i ronments . 
Th i s o f ten results i n l odg ing and p o o r y ie ld . We 
evaluated 38 p r o m i s i n g l ines, ear l ier ident i f ied as 
to le ran t t o l odg ing ( I C R I S A T A n n u a l Repor t 
1988, p. 74), in repl icated tests at H isa r , G w a l i o r , 
and a sewage f a r m near G w a l i o r . The c rop 
showed excessive vegetat ive g r o w t h , pa r t i cu la r l y 
a t the t w o f o r m e r sites, and three l ines ( I C C L s 
8 9 8 5 1 , 89852, and 89853) recorded a r a t i ng of 
< 2 ( i n a scale of 1-5, where 1 = no l o d g i n g and 
5 = comple te lodg ing) at a l l the three sites. One of 
these ( I C C L 89851) p roduced the highest y ie ld at 
a l l the three loca t ions , the best be ing 4.05±0.19 t 
ha - 1 compared w i t h 2.98±0.19 t ha - 1 p roduced by 
H 208, the c o n t r o l at H isa r . We p lan to in i t i a te a 
breed ing p r o g r a m using the adapted l ines. 
S c r e e n i n g f o r S a l i n i t y R e s i s t a n c e 
N a t u r a l l y saline f ie lds o f ten show considerable 
v a r i a t i o n in sa l in i ty over shor t distances, w h i c h 
makes screening f o r sa l in i ty resistance a d i f f i cu l t 
task. To m i n i m i z e the effect of distance, a test 
en t ry and a s tandard c o n t r o l were sown in the 
same hole. The method requires the c o n t r o l to be 
c lear ly d is t ingu ishab le f r o m the test en t ry . O u r 
test entr ies were M4 5 ( I C C V 6) p rogeny bu lks 
w i t h t yp i ca l k a b u l i character ist ics, and we used 
the desi var ie ty H 208 as c o n t r o l . The exper iment 
was conduc ted in saline land at H isar d u r i n g the 
1988/89 pos t ra iny season. As the v isual compar ­
ison between test en t ry and c o n t r o l is r a p i d , the 
m e t h o d o f screening, tha t is, re jec t ion o f suscept­
ib le genotypes, is sui table fo r large-scale process­
i ng of m a t e r i a l , bu t i t can also be used to q u a n ­
t i f y the di f ference in sa l in i ty resistance between 
test entr ies. One way of d o i n g th is is by ca lcu lat ­
i ng the mean ra t i o between test en t ry and c o n t r o l 
f o r a character affected by sa l in i ty such as sa l in ­
i ty symp toms , seed y ie ld , and seed mass. 
B r e e d i n g a n d G e n e t i c S t u d i e s 
R e c o m b i n a t i o n B r e e d i n g A m o n g 
S e l e c t e d P a r e n t s 
We con t inued to comb ine the desirable charac­
ter ist ics of a chosen set of parents. The paren ta l 
cu l t i va rs are: A n n i g e r i ( h igh y ie ld , w i l t resis­
tan t ) , K 850 (h i gh y ie ld , w ide adap ta t i on , large 
seed, s t rong n o d u l a t i o n ) , JG 62 (h igh y ie ld , d o u ­
ble podded ) , and I C C 506 (resistant to pod 
borer ) . The procedure involves crossing in a l l 
possible t w o - w a y and f o u r - w a y comb ina t i ons , 
repeated cycles o f in tercross ing a m o n g desirable 
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segregants, and selection of desired recomb i ­
nants. In the 1987/ 88 pos t ra iny season, we made 
selections and intercrosses in d i f fe rent r ecomb i ­
n a t i o n cycles, and evaluated lines der ived f r o m 
the second cycle o f r ecomb ina t i on in repl icated 
y ie ld tests under i r r iga ted , non i r r i ga ted , and 
nonpro tec ted env i ronments a t I C R I S A T Cen­
ter. The h ighest -y ie ld ing ent ry gave a mean y ie ld 
of 3.5±0.15 t ha - 1 , wh i le the con t ro l Ann ige r i 
y ie lded 3.1±0.15 t h a - 1 . We con t r ibu ted 15 entries 
to the shor t - and m e d i u m - d u r a t i o n I n te rna -
t i ona l Ch ickpea Screening Nurseries. 
T i s s u e C u l t u r e 
We conducted exper iments to imp rove the tech­
n ique f o r m i c r o p r o p a g a t i o n and to standardize 
the techniques f o r p lant regenerat ion f r o m cal lus 
and e m b r y o rescue. 
M i c r o p r o p a g a t i o n 
Multiple-shoot induction: We developed a med i ­
um to induce mu l t i p l e shoots f r o m shoot t i p 
exp lants . M u l t i p l e shoots were p roduced f r o m 
excised shoot t ips o f 15 -day-o ld in v i t r o seed­
l ings and 30 -day -o l d greenhouse-grown plants 
of cu l t i va ted genotypes and w i l d Cicer species. 
One K 850 exp lan t p roduced 134 shoots after 
three transfers. 
Root induction: We used d i f ferent concent ra­
t ions o f aux ins in at tempts to increase the f re ­
quency o f r o o t i n g o f shoot t ips f r o m 30- to 45-
d a y - o l d p lants . Roo ts were produced f r o m some 
shoots of a l l the genotypes tested. However , 
Cicer cuneatum gave the best response and the 
p lants were established in the greenhouse. 
Regeneration: We induced cal lus f r o m mature 
and i m m a t u r e coty ledons o f cu l t ivated geno­
types and w i l d species. The cal lus was t rans­
fer red to a m e d i u m w i t h var ious h o r m o n e c o m ­
b ina t ions f o r i nduc t i on o f d i f fe ren t ia l structures. 
Shoo t d i f ferent ia ls were no t p roduced ; however, 
roots were p roduced f r o m some callus cul tures. 
Interspecific hybridization: A ma jo r achieve­
ment in interspecif ic hyb r id i za t i on was the p r o ­
duc t i on of F2 seeds between t w o crosses, C. ariet-
inum x C. echinospermum and C reticulatum x 
C echinospermum. Fu r the r , in t w o cross c o m -
b ina t ions , C bijugum x C. judaicum and C. 
pinnatifidum x C. judaicum, very few seeds were 
p roduced . Fer t i l i za t ion fa i led in these because of 
the e longa t ion of the style out of the keel before 
the dehiscence of the stamen. H a n d po l l i na t i on 
was employed to produce F2 seeds. 
C o o p e r a t i v e Act iv i t ies 
International Trials and Nurseries 
In the 1988/89 post ra iny season, we had seven 
types of in te rna t iona l t r ia ls and nurseries, and 
d ispatched 89 sets of genotypes to cooperators in 
12 d i f fe rent countr ies. As in the previous sea­
sons, we sent F2 popu la t ions against specific 
request f o r disease resistance, ma tu r i t y per iods, 
and h igh y ie ld . A l o n g w i t h t r ia ls and nurseries, 
we sent 614 samples of F2 popu la t ions ; thr ice as 
much mater ia l as we suppl ied d u r i n g 1987/88. 
Genotype x env i ronment interact ions were 
h igh , especially f o r y ie ld . The best ent ry 1 C C L 
86509 yielded an average of 2.96 ± 0.21 t h a - 1 and 
exceeded the con t ro l by 25.6%. 
D i s t r i b u t i o n o f B r e e d e r s ' M a t e r i a l 
In a d d i t i o n to the t r i a l and nursery sets and F 2 
popu la t i ons , we d is t r ibu ted 81 samples of paren­
ta l lines and 260 samples of breeding mater ials to 
coopera tors in response to specif ic requests. The 
I C A R D A - I C R I S A T pro ject p rov ided 15 595 
entr ies to 42 countr ies fo r use in the i r breeding 
p rograms. 
Release of cultivars by national program. One 
o f the m a j o r object ives o f the I C A R D A - I C R I -
S A T pro ject i s to s t rengthen the N a t i o n a l A g r i -
cu l tu ra l Research System ( N A R S ) by p r o v i d i n g 
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T a b l e 8 . K a b u l i c h i c k p e a c u l t i v a r s re leased b y 
d i f f e r e n t n a t i o n a l p r o g r a m s . 
C o u n t r y 
A lge r i a 
Cyp rus 
France 
I t a l y 
Lebanon 
M o r o c c o 
O m a n 
Por tuga l 
Spa in 
Sudan 
Syr ia 
Tun is ia 
Turkey 
C u l t i v a r released 
I L C 482 , I L C 3279 
Y i a l o u s a ( I L C 3279) , K y r e n i a ( I L C 464) 
TS 1009 ( I L C 482), TS 1502 ( F L I P 81-293C) 
C a l i f o ( I L C 72) , S u l t a n o ( I L C 3279) 
J a n t a 2 ( I L C 482) 
I L C 195, I L C 482 
I L C 237 
E l m o ( I L C 5566), E l v a r ( F L I P 85-17C) 
F a r d a n ( I L C 72), Z e g r i ( I L C 200) , A l e m n a 
( I L C 2548), A l c a z a b a ( I L C 2555), A t a l a y a 
( I L C 200) 
S h e n d i ( I L C 1335) 
G h a b 1 ( I L C 482) , G h a b 2 ( I L C 3279) 
C h e t o u i ( I L C 3279), Kassab ( F L I P 83-46C) 
A m d o u n 1 (Be-Sel -81-48) 
I L C 195, G u n e y Sar is i 482 ( I L C 482) 
diverse nurseries to enable t h e m to develop and 
release var iet ies f o r the i r fa rmers . S ix cu l t i vars , 
namely TS 1009 and TS 1502 in France, Janta 2 
i n L e b a n o n , I L C 237 i n O m a n , and E l m o and 
E l va r in P o r t u g a l , were released by the N A R S s . 
W i t h these releases, the t o t a l n u m b e r o f released 
cu l t i vars reached 27 in 13 countr ies (Table 8). 
An add i t i ona l 42 lines have been ident i f ied f r o m 
the i n t e rna t i ona l nurseries by scientists in 12 
count r ies f o r prerelease mu l t i p l i ca t i on a n d / o r 
o n - f a r m test ing. These new lines meet the re-
qu i rements of the na t iona l p rograms as far as 
seed size, p lan t he ight , and m a t u r i t y are con -
cerned. Fu r the r , al l new lines are resistant to 
co ld and ascochyta b l igh t . 
comple ted and F2 seed w i l l be suppl ied in 1990. 
We were asked to c o n t r i b u t e I C C L 82108, a 
doub le -podded wi l t - res is tant l ine , f o r use in the 
na t i ona l cross ing b lock . We c o n t r i b u t e d 10 new 
desi lines f o r test ing in A I C P I P t r ia ls . 
T w e n t y I C R I S A T entr ies pe r fo rmed we l l i n 
A I C P I P coord ina ted t r ia ls and were retained o r 
p r o m o t e d to advanced y ie ld tests in 1988/89. 
I C C V 10 pe r f o rmed pa r t i cu l a r l y we l l i n cent ra l 
and S o u t h I n d i a (Tab le 9). Th is l ine has also 
shown very good pe r fo rmance in Bangladesh as 
I C C L 83228. We suppl ied large quant i t ies o f 
I C C V 2 , I C C V 6 , l C C C 37, and I C C C 4 2 f o r 
m u l t i p l i c a t i o n as f o u n d a t i o n seed in I nd ia . 
C o o p e r a t i o n w i t h N e p a l 
We con t i nued o u r close co l l abo ra t i ve research 
w i t h the N a t i o n a l G r a i n Legumes I m p r o v e m e n t 
P r o g r a m m e ( N G L I P ) o f Nepa l . A n I C R I S A T 
Ch i ckpea Breeder assisted the scientists o f N G ­
L I P i n the f o r m u l a t i o n , sow ing , and eva luat ion 
o f t r ia ls and in select ion w o r k . The t r ia ls were 
conduc ted a t va r ious research stat ions and in 
fa rmers ' f ie lds. Several I C R I S A T lines inc luded 
in the rep l ica ted y ie ld tests p roduced m o r e t h a n 
the c o n t r o l , the highest y ie lder ( I C C L 86237) 
g i v i ng 3.58 ± 0.22 t ha-1 against 1.78 ± 0.22 t ha-1 of 
the c o n t r o l (Dhanush ) . An F3 -der ived F 5 l ine 
f r o m an I C R I S A T cross between the loca l l a n d -
race D h a n u s h and a recent ly released cu l t i va r 
S k a ( I C C V 1) p roduced 3.87±0.28 t ha - 1 c o m ­
pared w i t h 2.62 ± 0.28 t h a - 1 p roduced by the c o n ­
t r o l (S i ta) . A n o t h e r F 5 l ine, IC 4102-21, f r o m an 
I C R I S A T cross between D h a n u s h and K 850 
was ou ts tand ing f o r its resistance to bo t ry t i s 
gray m o l d in the screening nursery . I C C L 82108 
again gave a good per fo rmance in the on - f a rm 
t r ia ls and is l i ke ly to be ident i f ied f o r release. 
C o o p e r a t i o n w i t h A I C P I P 
D u r i n g 1988/89, I C R I S A T was inv i ted t o par -
t ic ipate in the na t iona l crossing p r o g r a m fo r 
ch ickpea. A l l the 13 crosses a l located to us were 
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PIGEONPEA 
I C R I S A T ' s research on pigeonpea (Cajanus 
cajan ( L . ) M i l l s p . ) aims at i m p r o v i n g p roduc t i v -
i t y per un i t area and over t ime , w i t h s tab i l i t y 
across env i ronments and resistances to ma jo r 
stresses. A t I C R I S A T Center , we conduc t re­
search on sho r t - du ra t i on ( S D ) , m e d i u m - d u r a ­
t i o n ( M D ) , and perennia l p igeonpea. We also 
m a i n t a i n and eva luate g e r m p l a s m , c o n d u c t 
operat ional -scale test ing o f i m p r o v e d genotypes 
in d i f fe rent p r o d u c t i o n systems, and screen f o r 
pa r t i cu la r b io t i c and ab io t i c stresses. S h o r t -
d u r a t i o n p igeonpea is also bred and tested at 
H isa r , H a r y a n a , I n d i a , i n coopera t i on w i t h 
H a r y a n a A g r i c u l t u r a l Un ivers i ty ( H A U ) . W e 
concent ra te o n deve lop ing l o n g - d u r a t i o n ( L D ) 
types and on i m p r o v i n g ag ronomic management 
o f advanced SD mater ia l a t G w a l i o r , M a d h y a 
Pradesh, I n d i a , i n coopera t ion w i t h Jawahar la l 
N e h r u K r i s h i V i shwa V idya laya ( J N K V V ) C o l ­
lege of Ag r i cu l t u re . 
We extend ou r coopera t i on to As ian countr ies 
t h r o u g h the A s i a n G r a i n Legumes N e t w o r k 
( A G L N ) . Increased coopera t ion w i t h eastern 
A f r i c a is be ing fac i l i ta ted by the appo in tmen t 
d u r i n g this year, of a pigeonpea ag ronomis t / 
breeder to the Eastern A f r i c a Reg iona l Cereals 
and Legumes ( E A R C A L ) N e t w o r k . 
In the c o m i n g year we in tend to con t inue eval ­
ua t ion of newly generated short-statured (dwar f ) 
p l an t types in the three m a j o r pheno log ica l 
g roups . We w i l l con t inue to emphasize the 
deve lopment o f h y b r i d p igeonpea in coopera­
t i o n w i t h the I n d i a n na t i ona l p r o g r a m . W e w i l l 
in tens i fy germp lasm enhancement ef for ts to i n ­
crease to lerance o f pod borer , pod f l y , and phy -
t o p h t h o r a b l igh t . We w i l l con t inue to develop 
in tegrated pest and disease management prac­
tices appl icable to resource-poor f a r m i n g s i tua­
t ions . We w i l l f u r t he r ex tend test ing o f geno­
types f o r hos t -p lan t resistance to insect at tack to 
fa rmers ' f ie ld s i tuat ions and conduc t studies on 
mechanisms of d rough t resistance w i t h the hope 
o f s t reaml in ing d rough t screening techniques. 
We w i l l in tensi fy studies on prob lems faced by 
pigeonpea when soils become tempora r i l y water-
logged. 
P h y s i c a l S t r e s s e s 
A l l e v i a t i o n o f d rough t stress, b o t h by imp rove ­
ment o f d r o u g h t to lerance and selection o f geno­
types tha t w i l l escape stress, con t inued to receive 
ou r a t ten t i on . F o r the f i rs t t ime , we used an 
au tomated ra inou t shelter fac i l i ty a t I C R I S A T 
Center to invest igate the effects of d rough t stress 
a t d i f fe ren t g r o w t h stages o f SD pigeonpea. 
Lack o f s ign i f icant ra in fa l l d u r i n g the pos t ra iny 
season enabled the assessment o f MD p igeon­
pea fo r te rm ina l d rought tolerance. We also s tud­
ied the effects of h igh temperature on f l ower 
d r o p and are con t i nu ing studies on adapta t ion of 
ex t ra - sho r t - du ra t i on ( E S D ) p igeonpea to d i f fe r ­
ent env i ronments . 
D r o u g h t Stress a n d G r o w t h Stages 
o f S h o r t - d u r a t i o n P igeonpea 
S h o r t - d u r a t i o n pigeonpea at any g r o w t h stage 
can face d r o u g h t of va ry ing in tens i ty as a result 
o f p ro longed d ry spells d u r i n g the ra iny season. 
Select ion fo r d rough t to lerance under unpre ­
d ic tab le d rough t cond i t ions may on ly progress 
s lowly because of in teract ions between geno-
typ ic responses and c rop g r o w t h stages. We 
therefore at tempted to ident i fy the most d rough t -
susceptible stage to better concentrate on i m ­
p r o v i n g d rough t tolerance fo r th is stage. 
A sp l i t -p lo t exper iment was conducted on an 
A l f i s o l under a ra inou t shelter at I C R I S A T Cen­
ter du r i ng the 1988 ra iny season (F ig . 1). D r o u g h t 
stress t reatments (assigned to m a i n plots) were 
imposed on nine pigeonpea genotypes (assigned 
to subplots) d u r i n g the f o l l o w i n g per iods: f r o m 
52 days after sow ing ( D A S ) to 5 0 % leaf abscis­
s i on , f r o m 5 0 % f l o w e r i n g o f I C P L 8 7 ( c o n t r o l 
genotype) to 5 0 % leaf abscission and f r o m the 
m i d - p o d - f i l l i n g stage o f I C P L 87 u n t i l ma tu r i t y . 
There was a c o n t r o l t rea tment tha t received i r r i ­
ga t i on t h r o u g h o u t . Wa te r was app l ied by d r i p 
i r r i g a t i o n a t intervals o f 2 - 4 days, depend ing on 
surface soi l dryness in c o n t r o l p lo ts . In most o f 
the genotypes tested, the f l o w e r i n g stage was 
most susceptible to d r o u g h t stress, f o l l owed by 
the p r e f l o w e r i n g stage. T h i s was p r o b a b l y 
because the n u m b e r of pods , w h i c h is the most 
i m p o r t a n t c o m p o n e n t i n f l uenc i ng p igeonpea 
y ie ld , was being de te rmined at these stages. A l l 
genotypes appeared less vu lnerab le to d rough t 
stress in the pod - f i l l i ng stage. There were geno-
typ ic di f ferences in to lerance to stress at the pre-
f l o w e r i n g stage. Of a l l genotypes, I C P L 151 was 
the most susceptible and I C P H 8 , I C P L 85045, 
D r o u g h t Stress o f M e d i u m -
d u r a t i o n P igeonpea in Sole -
a n d In tercrops 
M e d i u m - d u r a t i o n pigeonpea is c o m m o n l y g r o w n 
in in tercrops where i t n o r m a l l y faces t e rm ina l 
d r o u g h t stress. We have ear l ier repor ted geno-
typ ic di f ferences in to lerance to th is t e rm ina l 
stress ( 1 C R I S A T A n n u a l Repo r t 1986, p. 176). 
In ear l ier years, however , the screenings were 
done in a sole c rop s i tua t i on and at t w o mo is tu re 
regimes, stressed and i r r i ga ted . To determine the 
relevance o f such screenings to i n t e r c r o p p i n g 
s i tua t ions and the responses over a range of soi l 
and I C P L 87 were re la t ive ly to le ran t . A l l geno­
types appeared u n i f o r m l y susceptible at the 
f l owe r i ng stage. 
Figure 1. A view of the rainout shelter used at ICRISAT Center to study the effect of drought at different stages of 
crop growth of short-duration pigeonpea, rainy season 1988. 
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mo is tu re levels, a l ine-source i r r i ga t i on exper i ­
ment was conducted using f o u r genotypes, I C P L 
8357, I C P L 84071, I C P L 227, and M R G 66. 
They were g r o w n either as sole crops or as inter­
crops w i t h s o r g h u m genotype C S H 6 . B o t h 
I C P L 227 and M R G 66 had earl ier shown a 
greater sens i t iv i ty to mo is tu re def ic i ts and a 
h igher y ie ld po ten t ia l under i r r iga ted cond i t ions 
t h a n the other t w o genotypes. 
There was a s t rong i n te rac t i on between c rop ­
p i n g system (sole c rop vs in te rc rop) and water 
regime in tha t the mean y ie ld o f a l l f o u r geno­
types was increased to a greater extent by water 
app l ied to the sole c rop than to the in te rc rop 
( F i g . 2). Howeve r , genotype x water regime and 
genotype * water regime x c r o p p i n g system 
in terac t ions were no t s ign i f icant . H i g h overa l l 
y ie lds were ob ta ined f r o m M R G 6 6 and I C P L 
227. I t appears tha t b o t h M RG 66 and I C P L 227 
were better able to take advantage of the h igher-
t h a n - n o r m a l ra in fa l l d u r i n g the ra iny season 
t h a n I C P L 8357 and I C P L 84071. The relat ive 
r a n k i n g o f genotypes, however , d i d not change 
in sole c r o p p i n g and i n te r c ropp ing , ind ica t ing 
tha t pe r fo rmance observed in a sole c rop may be 
relevant to tha t in an in te rc rop . 
Figure 2. Effect of applied water on the mean yield of 
four medium-duration pigeonpea genotypes grown as 
sole crop and intercropped with sorghum, in an 
Alfisol, ICRISAT Center, rainy season 1988/89. 
The relat ive advantage of the in te rc rop , as 
ind icated by land equivalent ra t io ( L E R ) wh ich 
ranged f r o m 1.39 to 1.68 at d i f ferent water 
regimes, was s l ight ly greater at the dr ier end of 
the p lots , a l though the differences were not sig­
n i f i cant . In add i t i on to the y ie ld o f in tercropped 
I C P L 227 being h igh , the yield of its compan ion 
c r o p , s o r g h u m , was higher compared to those of 
so rghum when in terc ropped w i t h the other p i ­
geonpea genotypes. Such posi t ive interact ions 
are impor tant to improve product iv i ty of sorghum-
pigeonpea intercrops and need to be examined 
fur ther . 
E f f e c t o f T e m p e r a t u r e o n F l o w e r 
a n d P o d D r o p 
Pigeonpea has a high degree of f lower d r o p 
w h i c h , to some extent , can be a t t r ibu ted to un fa ­
vorab le env i ronmenta l cond i t ions . In a con ­
t ro l l ed env i ronment study, we f ound that f lower 
d r o p in f ou r SD pigeonpea genotypes was twice 
as m u c h at 4 0 ° C as at 30 °C (F ig . 3). However , 
more pods d ropped at 30° C than at 40° C, p r o b ­
ably because of the inherent tendency of the 
pigeonpea p lant to adjust pod load accord ing to 
ava i lab i l i t y o f assimilates. Genotyp ic va r i a t i on 
in ab i l i t y to set pods at h igh temperature was 
apparent ; I C P L 4 was re lat ively more to lerant 
than other genotypes such as I C P L 151, U P A S 
120, and I C P L 87. 
E x t r a - s h o r t - d u r a t i o n P i g e o n p e a 
i n C o n t i n g e n c y C r o p p i n g 
Last year we repor ted that E S D pigeonpea can 
be adapted to ra infed cond i t ions in peninsular 
Ind ia ( I C R I S A T A n n u a l Repor t 1988, p. 89). 
Th is year we compared the per fo rmance of E S D 
p igeonpea w i t h t ha t o f o the r shor t - season 
legumes when g r o w n as a catch c rop or con t i ng ­
ent c rop . 
We conducted a sp l i t -p lo t designed exper i ­
men t under ra in fed cond i t i ons in an A l f i so l a t 
Sole crop 
Intercrop 
2.5 
2.0 
1.5 
1.0 
0 100 200 300 400 500 
Water applied (mm) 
I C R I S A T Center . We assigned t w o sowing dates 
to m a i n p lo ts and nine genotypes tha t inc luded 
f i ve E S D genotypes, one SD pigeonpea geno­
type and three short-season legumes, green g r a m 
(Vigna radiata), horse g r a m ( M a c r o t y l o m a 
uniflorum), and cowpea (Vigna unguiculata) 
were assigned to subplots . 
A delay in sow ing date genera l ly caused a 
s ign i f i can t r educ t i on in the length o f the rep ro ­
duc t i ve phase and in the t o ta l d r y mat te r p r o -
duced . P igeonpea genotypes y ie lded 2 - 3 1 ha - 1 in 
the f i rs t s o w i n g , w h i c h was s ign i f i can t ly h igher 
t h a n the y ie ld of short-season legumes (Tab le 1). 
In the delayed sow ing , however , o w i n g to a s ig­
n i f i can t reduc t i on in g r o w t h and te rm ina l water 
def ic i t , y ie ld o f E S D and SD pigeonpeas decl ined 
to about 1 t ha - 1 . Y ie ld of cowpea was s ign i f i ­
can t l y h igher t han yields o f p igeonpea genotypes 
in the late sow ing , bu t y ie lds o f green g r a m and 
horse g r a m were st i l l lower . Relat ive ly h igh 
cowpea yields in the late sow ing seem to result 
f r o m faster i n i t i a l g r o w t h and ear ly anthesis o f 
th is species, enab l ing it to to lerate as wel l as 
avo id d r o u g h t . F o r greater s tab i l i ty o f p igeon­
pea y ie ld across sow ing dates, these t w o t ra i ts 
w i l l need to be imp roved . 
Figure 3. Effect of day temperature (30° C and 40° C) on mean flower and pod drop of four pigeonpea genotypes 
collected from an area of 13.9 m2 in two controlled-environment greenhouses, ICRISAT Center, 1987/88. 
F l o w e r d r o p at 3 0 ° C y = - 2 0 3 . 3 + 8 2 . 8 x - 1 . 2 6 x 2 , r2 = 0.99 
F l o w e r d r o p at 4 0 ° C y = - 3 3 4 . 1 + 1 4 0 . 2 x - 1 5 7 x 2 , r2 = 0.98 
P o d d r o p at 3 0 ° C y = - 1 2 7 . 4 + 2 7 . 5 x - 0 . 3 3 x 2 , r2 = 0.99 
P o d d r o p at 4 0 ° C y = - 6 3 . 2 + 9 . 6 5 x - 0 . 0 6 8 6 x 2 , r2 = 1.00 
D a y s af ter f l o w e r i n g 
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showed tha t s ter i l i ty mosaic ( S M ) disease was a 
m i n o r p r o b l e m in these states (Gu ja ra t 12.2%, 
M a h a r a s h t r a 1.1%). However , a vis i t to these 
states in December 1989 revealed that the SM 
p r o b l e m is increasing. In a single v i l lage of M a n -
dala o f D a b h o i Tehs i l i n Baroda d is t r ic t i n Gu ja ­
rat State, 25 ha had 100% SM in fec t i on . La rge-
scale cu l t i va t i on of B D N 2, a w i l t - to le ran t but 
SM-suscept ib le cu l t i var , appears to be one of the 
reasons f o r the increased incidence o f S M . In 
Gu ja ra t , this cu l t i va r has replaced the loca l cu l -
t i va r T 15-15 w h i c h is resistant to SM but sus-
cept ib le to w i l t . Perennia l cu l t i va t i on o f p i ­
geonpea, t h o u g h conduc ted on a very l im i ted 
scale, also appears to be another reason fo r the 
SM increase. Perennia l p igeonpea harbors b o t h 
the SM pa thogen and its m i te vector d u r i n g 
summer and serves as a source of i n o c u l u m fo r 
the ma in season crop. A t I C R I S A T Center , we 
have some m e d i u m - d u r a t i o n l ines w i t h w i l t and 
SM resistance, such as 1CPL 227 and I C P L 
87107, and test ing these lines in these states 
cou ld lead to the con t ro l of these diseases. 
Fusar ium W i l t (Fusarium udum But ler ) 
Root-dip Inoculation Technique 
Lack of a rap id and rel iable l abo ra to ry tech­
n ique f o r i nocu la t i ng p igeonpea w i t h w i l t has 
h indered progress on basic studies such as iden t i ­
f i c a t i o n of phys io log ic races and inher i tance of 
disease resistance. We have now standardized a 
s imp le , r a p i d , and rel iable r oo t -d i p i nocu la t i on 
technique. This technique involves raising p igeon­
pea seedlings f r o m ch lo rox - t rea ted seeds (2 .5% 
c h l o r o x f o r 1 m i n ) in ster i l ized sand f i l led in 
po ly thene bags. W h e n the seedlings are 7 -10-
days o l d , they are up roo ted by cu t t i ng open the 
po ly thene bags. The roots are t r i m m e d to a 
length of 8 cm and d ipped in Fusarium spore 
suspension (1000 000 m L - 1 ) f o r 1 m i n . The seed­
l ings are then t ransplanted in to a 3:1 steri l ized 
sand and Ver t i so l m i x t u r e in plast ic pots (15-cm 
top d iameter ) at f ive seedlings per po t . The pots 
are kept in a greenhouse at 15 -30°C and i r r i ­
gated w i t h de ion ized water . The react ions o f 
susceptible and resistant cu l t ivars were the same 
B i o t i c Stresses 
D i s e a s e s 
Increased Incidence of Steri l i ty M o s a i c 
in Gujarat and Maharash t ra 
Guja ra t and Maha rash t ra are i m p o r t a n t p igeon-
pea -p roduc ing states of I nd i a w i t h 318 700 ha 
under c u l t i v a t i o n in Gu ja ra t and 763 300 ha in 
M a h a r a s h t r a . M e d i u m - d u r a t i o n types are the 
most c o m m o n l y g r o w n variet ies. R o v i n g surveys 
conduc ted by I C R I S A T between 1975 and 1980 
T a b l e 1 . E f f e c t o f s o w i n g d a t e a n d g e n o t y p e o n 
seed y i e l d ( t h a - 1 ) o f p i g e o n p e a a n d o t h e r s h o r t -
s e a s o n l e g u m e c r o p s o n a n A l f i s o l , I C R I S A T 
C e n t e r , r a i n y season 1 9 8 8 . 
G e n o t y p e 
P i g e o n p e a 
I C P L 83015 
I C P L 84023 
I C P L 85015 
I C P L 85037 
I C P L 85014 
I C P L 8 7 
Shor t - season legumes 
Green g r a m 
H o r s e g r a m 1 
C o w p e a 
S E 
C V (%) 
M e a n 
S E 
Seed y ie ld ( t ha - 1 ) 
S o w i n g da te 
20 J u n 
2.86 
1.96 
2.87 
2.50 
2.84 
2.47 
0.68 
-
1.26 
5 A u g 
1.02 
1.01 
0.89 
0.73 
0.87 
0.78 
0.40 
0.99 
1.41 
±0 .127 2 
16.5 
2.18 0.89 
±0.050 3 
M e a n 
1.94 
1.48 
1.88 
1.61 
1.86 
1.62 
0.54 
-
1.34 
±0.089 
1 . Y i e l d o f h o r s e g r a m w a s n o t i n c l u d e d i n t h e a n a l y s i s a s 
d a t a f o r t h e f i r s t s o w i n g w e r e n o t a v a i l a b l e . 
2 . S t a n d a r d e r r o r t o c o m p a r e g e n o t y p e m e a n s w i t h i n s o w ­
i n g d a t e o r s o w i n g d a t e m e a n s w i t h i n s a m e g e n o t y p e . 
3 . S t a n d a r d e r r o r t o c o m p a r e s o w i n g d a t e m a i n e f f ec t 
m e a n s . 
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Figure 4. From left to right, resistant (ICPV l [ICP 8863], ICP 9174), tolerant (ICP 9145), and susceptible (ICP 
2376) pigeonpea cultivars inoculated with Fusarium udum by the root-dip method. 
as prev ious ly observed in w i l t - s i ck p lo ts . Sus­
cept ib le cu l t i vars such as I C P 2376, I C P 6997, 
and L R G 30 showed 100% m o r t a l i t y w i t h i n 3 
weeks. Resistant cu l t ivars such as I C P V 1 ( I C P 
8863) and I C P 9174 showed no m o r t a l i t y even at 
6 weeks af ter t r ansp lan t i ng ( F i g . 4). I C P 9145 
showed chlorosis, s tunt ing, and la te-wi l t ing symp­
toms . T h e seedlings o f a l l these cu l t i va rs , w h i c h 
were s im i la r l y t ransp lanted w i t h o u t i n o c u l a t i o n , 
d i d not show any m o r t a l i t y , i nd i ca t i ng that 
p igeonpea can w i ths tand t ransp lan ta t i on shock. 
Phytophthora Blight (Phytophthora 
drechsleri f. sp cajani) 
Diseased-debris Inoculation Technique 
We repor t here an add i t i ona l i nocu la t i on tech­
n ique , 'diseased-debris m e t h o d ' , f o r eva lua t ing 
p igeonpea genotypes fo r the i r resistance to phy ­
t o p h t h o r a b l igh t (PB) in the f i e l d . The techn ique 
consists of sow ing pigeonpeas on f la t beds in a 
wel l - leveled A l f i s o l f ie ld at the beg inn ing of the 
ra iny season. Rows o f susceptible c o n t r o l c u l t i ­
vars , such as I C P 2376 and I C P 7119, were sown 
a l ternate ly after every f o u r test rows (germp lasm 
and segregating breeding l ines). One m o n t h after 
sow ing , the f ie ld was inocu la ted w i t h PB by scat­
t e r i ng , at a rate of 250 kg h a - 1 , diseased p igeon ­
pea debr is co l lected in the prev ious season f r o m 
na tu ra l l y in fected f ields and stored in a f ie ld 
shelter. By the f i rs t f o r t n i g h t o f A u g u s t , b o t h the 
susceptible con t ro ls showed very h igh m o r t a l i t y 
(93 -100%) in a l l the three seasons (1987-89) 
w h e n the techn ique was tested. There was no 
need fo r e i ther pe r fo - or f l o o d - i r r i g a t i o n to 
enhance in fec t i on . Even t h o u g h the to ta l ra in fa l l 
d u r i n g June -Augus t 1987 was be low average 
(384.6 m m ) , PB developed we l l . W h e n the d is­
eased p lants were i nco rpo ra ted in the f ie ld at the 
end of the f i rs t season, i t was f o u n d that an 
ex t remely b l ight -s ick p lo t had developed w i t h ­
out the need f o r any add i t i ona l i nocu la t i on . 
A l o n g w i t h the ' leaf scar', ' d rench ' , and 's tem-
r u b ' i nocu la t i on methods , w h i c h are qu i te effec-
t ive to screen a l im i ted a m o u n t of mater ia l in 
pots or in the f i e l d , the 'diseased-debris m e t h o d ' , 
w h i c h is s imp le , ef fect ive, and less labor ious , can 
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be used f o r large-scale f i e ld eva lua t i on o f ge rm-
p lasm and breeding mater ia ls against P B . 
D u r i n g the 1981/82 ra iny season, in f ie ld evalua­
t i o n a t I C R I S A T Center , we f o u n d that most o f 
the ge rmp lasm accessions that showed resistance 
in the ear l ier seasons were susceptible. The f u n ­
gus isolated f r o m the diseased plants (P3 isolate) 
was more aggressive than the isolate ident i f ied 
ear l ier (P2) . In order to ident i fy genotypes 
resistant to P3 iso late, we evaluated abou t 7000 
ge rmp lasm accessions in pots using the 'drench 
i n o c u l a t i o n m e t h o d ' , bu t none o f them was 
f o u n d to be resistant. However , 10 of the 80 
P2-isolate resistant germplasm accessions showed 
ei ther resistance ( 0 - 1 0 % b l igh t ) o r tolerance ( 1 1 -
3 0 % b l igh t ) when evaluated in the f ie ld (F ig . 5 ) 
by the 'diseased-debris m e t h o d ' o f i nocu la t i on o f 
b o t h P2 and P3 isolates (Tab le 2). The l ine 
K P B R 80-2-1 also showed resistance at D e l h i , 
K a n p u r , Sehore, V a d o d a r a , and Varanasi in 
I n d i a where P2, or P3, or b o t h the isolates were 
prevalent . One of the reasons f o r suscept ibi l i ty 
of p igeonpea in pot tests appears to be the age at 
w h i c h plants are infected. In pots , plants are 
inocu la ted at 7-10 days after emergence ( D A E ) 
but under f ie ld cond i t ions , the disease usual ly 
appears after 45 days. Suscept ib i l i ty of p igeon­
pea to the disease is k n o w n to decrease w i t h 
p lant age. 
Nematodes 
Screening Technique for Cyst Nematode 
We standardized a greenhouse screening proce-
dure to evaluate pigeonpea genotypes fo r resis-
tance to the pigeonpea cyst nematode, Heterod-
Figure 5. A pigeonpea cultivar showing field resistance to phytophthora blight at ICRISAT Center. Plants in 
adjacent rows have been killed by the disease. 
Field Resistance Sources 
era ca jan i . We mu l t i p l i ed the nematode on a 
suscept ib le genotype ( I C P L 87). A nematode 
in fes ta t ion level of 17 eggs and juven i les cm - 3 of 
soi l p roduced rel iable screening results. Scor ing 
of r oo t systems f o r number of wh i te cysts at 30 
days af ter g e r m i n a t i o n was more re l iable t h a n 
scor ing at 15 or 45 days after ge rm ina t i on . 
The wh i te cysts are very smal l and i t is i m p o r ­
tant to t r a i n one's eyes to locate t hem by e x a m i n ­
ing the roo ts o f many infected seedlings before 
check ing the roo t systems of test genotypes. 
Cysts are no t easily v is ib le w h e n the roo ts are 
wet. A i r d r y i n g o f roots to remove surface mo is ­
tu re increases the v i s ib i l i t y of cysts but care must 
be taken to avo id complete d r y i n g of the roots . 
Screening for Resistance to H. cajani 
We screened 63 f usa r i um wi l t - res is tant p igeon-
pea germp lasm l ines, 50 breeding l ines, and 60 
accessions of w i l d p igeonpea relat ives. R o o t sys­
tems of w i l d species were scored 45 days after 
g e r m i n a t i o n because o f the i r s low roo t g r o w t h . 
The roo t systems were scored on a 1-9 scale in 
w h i c h 1 = no wh i t e cyst ( i m m u n e ) and 9 = m o r e 
t han 30 cysts (h igh ly susceptible). A l l the fusa-
r i u m wi l t - resistant germplasm lines and advanced 
breed ing l ines were susceptible. Accessions of 
Atylosia grandifolia (ICPW 37), A. scarabaeoides 
( I C P W 94, I C P W 111), Flemingia m a c r o p h y l l a 
( I C P W 194), F. s t r ic ta ( I C P W 202), F. strobilif-
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T a b l e 2 . P i g e o n p e a g e r m p l a s m access ions , f i e l d - r e s i s t a n t ( 0 - 1 0 % b l i g h t ) o r t o l e r a n t ( 1 1 - 3 0 % b l i g h t ) 
t o p h y t o p h t h o r a b l i g h t , l C R I S A T C e n t e r , r a i n y seasons 1 9 8 8 a n d 1 9 8 9 . 
P igeonpea 
accession 
I C P 7200 
I C P 7815 
I C P 8564 
I C P 8610 
I C P 8692 
I C P 8921 
I C P 9046 
I C P 9252 
K P B R - 8 0 - 1 - 4 
K P B R - 8 0 - 2 - 1 
I C P 71194 
I C P 2376 5 
S E 
M e a n 6 
C V (%) 
M o r t a l i t y due t o P B ( % ) 1 
F i e l d test 
1988 /89 
P B N 2 
17(24) 
16(24) 
14(21) 
19(25) 
22(28) 
20(27) 
25(29) 
28(32) 
30(33) 
10(18) 
98(81) 
96(79) 
(±6.0) 
48(45) 
(19 .0) 
M D N 3 
2 ( 5 ) 
15(23) 
8(17) 
8(16) 
19(25) 
30(33) 
25(30) 
23(28) 
20(22) 
20(26) 
98(83) 
98(83) 
(±3.8) 
36(37) 
(14.5) 
1 9 8 9 / 9 0 
P B N 
44(42) 
59(50) 
48(45) 
24(29) 
34(35) 
45(42) 
42(40) 
50(45) 
52(46) 
27(31) 
100(90) 
100(90) 
(±5.2) 
65(57) 
(18.0) 
M D N 
40(39) 
22(28) 
19(26) 
45(42) 
14(21) 
35(36) 
38(37) 
30(33) 
16(23) 
12(21) 
98(84) 
95(78) 
(±7.1) 
47(44) 
(23.0) 
P o t test (1989) 
P 2 
iso la te 
2 
9 
2 
9 
5 
4 
0 
3 
0 
0 
100 
0 
P3 
iso la te 
71 
28 
90 
70 
73 
71 
83 
88 
73 
63 
100 
100 
1 . V a l u e s g i v e n i n p a r e n t h e s e s a re a n g u l a r t r a n s f o r m a t i o n s . 
2 . P B N = P h y t o p h t h o r a b l i g h t n u r s e r y . 
3 . M D N = M u l t i p l e d isease n u r s e r y . 
4 . S u s c e p t i b l e t o P 2 a n d P 3 i so la tes . 
5 . R e s i s t a n t t o P 2 b u t s u s c e p t i b l e t o P 3 i s o l a t e . 
6 . P B N 1 9 8 8 / 8 9 b a s e d o n 1 8 e n t r i e s ; M D N , 1 9 8 8 / 8 9 b a s e d o n 1 7 e n t r i e s ; P B N , 1 9 8 9 / 9 0 b a s e d o n 1 8 e n t r i e s ; a n d M D N , 1 9 8 9 / 9 0 
based o n 2 3 e n t r i e s . 
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Viruses 
Pigeonpea Steril ity Mosa ic Disease 
We presented data in 1988 to show tha t a v i rus or 
a v i r o i d was p robab l y not invo lved in the e t io l ­
ogy o f p igeonpea S M disease ( I C R l S A T A n n u a l 
R e p o r t 1988, p p . 90-91) . Consequent ly , we 
exp lo red the possible i nvo l vemen t of a p r o k a -
ryo te . Ex t rac ts of SM- in fec ted leaves were sub­
jected to a pu r i f i ca t i on procedure s imi lar to that 
e m p l o y e d f o r i so la t i ng m y c o p l a s m a - l i k e o r ­
ganisms ( M L O s ) . A po l yc lona l an t iserum was 
p roduced in rabb i ts , and a t r ip le an t i body sand­
w i c h E n z y m e - L i n k e d I m m u n o s o r b e n t Assay 
( E L l S A ) was s tandard ized. In tests on extracts 
of SM- in fec ted leaves and comparab le heal thy 
p igeonpea leaves, SM extracts consistent ly gave 
h igher abso rp t i on values. Th is result ind icated 
tha t the an t iserum p roduced conta ined agent-
specif ic ant ibod ies. Pellets ob ta ined f r o m S M -
infected leaf ext racts , f o l l o w i n g a p u r i f i c a t i o n 
procedure emp loyed f o r M L O s , were f i xed i n 
g lu ta ra ldehyde, post f ixed in o s m i u m te t rox ide 
and embedded in Spur r® low viscosity m e d i u m . 
Pellets were then subjected to u l t r a - t h i n sect ion­
i ng and the sections were observed under an 
e lec t ron microscope after s ta in ing these w i t h 
u r a n y l acetate or lead c i t ra te . Th is revealed the 
presence of membranous bodies tha t are f o u n d 
p r e d o m i n a n t l y in infected tissue. We are cur­
ren t ly m a k i n g mod i f i ca t i ons in the pu r i f i ca t i on 
procedure w i t h the a im o f ob ta in ing larger quan ­
t i t ies of these membranous bodies. 
P o d Borer (Helicoverpa armigera) 
Host-plant Resistance 
We evaluated 288 new germplasm accessions in 
nonrep l ica ted plots in I C R I S A T ' s pesticide-free 
Ver t i so l area f o r damage by Helicoverpa at p o d ­
d i n g stage. We also tested selections f r o m breed­
ers' E S D and SD pigeonpea mater ia l w i t h to ler ­
ance to Helicoverpa damage at I C R l S A T Center 
and at Hisar in repl icated, nonpro tec ted t r ia ls. 
A t H isar , l C P L s 8318, 84048-E2, 860016-E2, 
269,860026-E2,8327, and I C P 12932-E3 showed 
less borer damage and h igher yields ( > 2 . 5 t ha - 1) 
t han the susceptible cont ro ls . We made some 
selections of h igh-y ie ld ing, less-susceptible geno-
types in the w i l t and Helicoverpa resistance 
screening nursery in 1987. We grew these geno­
types again d u r i n g the 1988 ra iny season on a 
h igh ly wi l t -s ick p lo t , and made fu r ther selections 
o f borer-resistant , h igh-y ie ld ing genotypes fo r 
large p lo t , repl icated tr ia ls in 1989. 
As in the past, we con t inued test ing ou r p r o m ­
is ing selections at d i f ferent locat ions in I nd ia , in 
co l l abo ra t i on w i t h A l l I nd ia Coord ina ted Pulses 
Imp rovemen t Project ( A I C P I P ) entomolog is ts . 
Seeds of borer - and pod f l y - res is tan t / to le ran t 
selections in 17 sets of d i f fe rent m a t u r i t y groups 
were suppl ied to n ine centers in I n d i a f o r test ing 
era ( I C P W 203), and Rhynchosia rothii ( I C P W 
257) were resistant. 
The spot ted borer , Maruca testulalis, wh i ch is 
usua l ly a pest of SD cu l t ivars c o m m o n in the 
n o r t h e r n I n d i a n p igeonpea-growing areas, was 
also a pest at I C R I S A T Center this year on SD 
mater ia l . 
Pod f l y , Melanagromyza obtusa, the second 
most i m p o r t a n t pigeonpea pest in I nd ia , was 
pa r t i cu la r l y damag ing i n M D and L D p igeon-
peas g r o w n in centra l and no r the rn Ind ia . 
Of the other pests, the blister beetle (Mylabris 
pustulata) was very c o m m o n f r o m August to late 
Oc tober in southern Ind ia . Th is insect was there­
fo re very damag ing to SD pigeonpea g rown in 
smal l demons t ra t i on plots in fa rmers ' f ields. 
Bl ister beetles congregate on pigeonpea in such 
p lo ts since the demons t ra t i on f ields con ta in the 
on l y legumes f l ower ing in the area. 
Insect Pests 
Pest Incidence 
In 1988/89, as in a l l prev ious years, the pod 
borer , Helicoverpa armigera, was the most d a m ­
aging pest t o S D and M D pigeonpea a t I C R I ­
S A T Center and t h r o u g h o u t sou thern I nd ia . 
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under nonsprayed cond i t i ons in repl icated p lo ts , 
a long w i t h selections f r o m the na t i ona l p r o g r a m . 
The pe r fo rmance o f these selections in d i f fe ren t 
agroeco log ica l zones w i l l be ascertained after 
o b t a i n i n g 3-5 years ' da ta . As pa r t o f the I n t e rna ­
t i o n a l P igeonpea Pest Resis tance Nurser ies 
( I P P R N ) , we suppl ied seeds of 21 t r ia ls w i t h 
genotypes o f d i f fe rent matu r i t i es to Indones ia 
fo r t w o seasons' t r ia ls a t f o u r locat ions. 
So far , we have p r i m a r i l y tested ou r borer -
resistant/ to lerant selections on research stat ions. 
We are n o w expand ing ou r m u l t i l o c a t i o n a l test­
ing n e t w o r k to inc lude the types o f env i ronments 
ou r ma te r ia l is u l t ima te l y in tended fo r , tha t is, 
f a rmers ' f ie lds. Th is year we grew f o u r o f ou r 
m e d i u m - d u r a t i o n borer- res is tant / to le ran t selec­
t ions i n co l l abo ra t i on w i t h the Resource M a n ­
a g e m e n t P r o g r a m ( R M P ) V i l l a g e l e v e l 
Studies ( V L S ) g r o u p on f o u r fa rmers ' f ie lds i n 
Sh i rapu r (Sho lapur d is t r ic t , Maha rash t ra , Ind ia ) 
on 0.1-ha p lo ts w i t h o u t any pesticide app l ica­
t i o n . These selections pe r f o rmed ou ts tand ing ly 
we l l i n f a rmers ' f ie lds. We recorded 4 - 2 2 % bore r 
damage to pods in the samples col lected f r o m the 
test l ines compared w i t h 5 8 - 6 0 % in the loca l 
cu l t i vars g r o w n as con t ro ls . Selections I C P L 
84060, I C P L 332, and I C P 3328 also y ie lded 
more in fa rmers ' f ie lds t h a n the loca l genotypes. 
One o f ou r He l icoverpa- to lerant , h igh -y ie ld ­
ing ge rmp lasm select ion, I C P L 332, was released 
as var ie ty " A b h a y a " f o r c u l t i v a t i o n i n A n d h r a 
Pradesh by the A n d h r a Pradesh State Sub-
C o m m i t t e e on Release of Variet ies in 1989. Th is 
l ine was tested and p r o m o t e d j o i n t l y by the 
A n d h r a P r a d e s h A g r i c u l t u r a l U n i v e r s i t y 
( A P A U ) and I C R I S A T . W e expect tha t several 
o ther p o d borer-resistant l ines developed at 
I C R I S A T over the last decade w i l l be released in 
the near f u t u re . 
Mechanisms of Resistance to Helicoverpa 
We released l abo ra to ry -b red mo ths and larvae 
in smal l p last ic cages and in specimen tubes on 
f lowers and green pods of resistant and suscept i ­
ble pigeonpeas., These tests ind ica ted tha t in the 
SD g r o u p , f lowers o f I C P L s 8309, 2 , and 269 
were less preferred by Helicoverpa mo ths f o r 
o v i p o s i t i o n t h a n f lowers o f the c o n t r o l U P A S 
120. The green pods o f I C P L s 187-1 , 2 , and 269 
had fewer eggs t h a n pods o f U P A S 120. In the 
M D g r o u p , f l owers and pods o f P P E 45-2 and 
I C P 909 were less prefer red f o r ov ipos i t i on t han 
those of the c o n t r o l T 2 1 . The f lowers of a bore r -
susceptible genotype, I C P 7203, were most p re ­
fer red by the ov i pos i t i ng mo ths . We car r ied ou t 
ant ib ios is tests us ing green pods o f E S D , S D , 
and M D selections and con t ro l s . W e recorded 
reduced la rva l and p u p a l masses in P P E 45-2 
compared w i t h the susceptible c o n t r o l , I C P 
7203. L a r v a l m o r t a l i t y was h igher in I C P 1903 
(83.3%) compared w i t h the c o n t r o l , B D N - 1 
(70.0%). We also not iced ant ib ios is to Helico-
verpa larvae in pods of the borer- res is tant l i ne , 
I C P L 87089. 
The Bhabha A t o m i c Research Centre ( B A R C ) , 
B o m b a y , has car r ied ou t b iochemica l analysis o f 
the seeds of pest-resistant p igeonpea genotypes. 
A h igh level o f T r y p s i n I n h i b i t o r A c t i v i t y ( T I A ) 
was discovered in some of the borer-resistant 
select ions. Fu r t he r analyses of these genotypes 
are in progress a t B A R C . 
Drought and Population 
Dynamics of the Pod Borer 
Helicoverpa armigera reproduces t h r o u g h o u t 
the year in southern I nd ia . I ts popu la t ions vary 
great ly across seasons and a m o n g years, bu t the 
reasons f o r these large f luc tua t ions in abundance 
are not k n o w n . In order to bet ter unders tand the 
factors de te rmin ing the pest's p o p u l a t i o n d y n a m ­
ics in and a r ound I C R I S A T Center , we in ter ­
preted da ta on p o d borer abundance in terms o f 
the recent c l imat ic h is tory of Patancheru . 
A t and a r o u n d I C R I S A T Center , larvae have 
been recorded to feed on 98 p lan t species, i nc lud ­
i n g I C R I S A T ' s mandate crops: s o r g h u m , pear l 
m i l l e t , ch ickpea, p igeonpea, and g roundnu t . 
O u r P lan t P ro tec t i on Survei l lance team records 
every week the numbe r of H. armigera ca te rp i l ­
lars on the f ive mandate crops in a l l the f ie lds in 
the areas pro tec ted by pest ic ide. A l t h o u g h the 
T a b l e 3 . R e l a t i o n s h i p b e t w e e n d r o u g h t c o n d i t i o n s a n d t h e a b u n d a n c e o f Helicoverpa armigera a t 
I C R I S A T C e n t e r , 1 9 8 3 - 8 9 . 
Y e a r 
1983 /84 
1984 /85 
1985 /86 
1986 /87 
1987 /88 
1988 /89 
1989 /90 
J u n e - O c t o b e r 
R a i n f a l l ( m m ) 
( ± l o n g - t e r m 
average)1 
1021.2 
(+52 .4%) 
591.3 
( -11.7%) 
477.0 
( -28.8%) 
538.0 
( -19.7%) 
595.8 
( -11.1%) 
900 .2 
(+34 .4%) 
936.7 
(+39 .8%) 
A r e a surveyed 
f o r l a rva l 
p o p u l a t i o n (ha) 
327.4 
333.1 
320.7 
235.7 
319.8 
420.3 
381.7 
L a r v a l 
p o p u l a t i o n 
i n 103 ha-1 
45.6 
74.7 
109.3 
244.6 
155.3 
84.7 
92.6 
J u n e - M a y 
R a i n f a l l ( m m ) 
(± l o n g - t e r m 
a n n u a l average) 
1096.6 
(+40.2%) 
670.3 
( -14.3%) 
617.0 
( -21.1%) 
623.3 
( -20.3%) 
955.7 
(+22 .2%) 
1019.2 
(+30.3%) 
A r e a surveyed 
f o r l a r va l 
p o p u l a t i o n (ha) 
546.48 
532.77 
491.70 
406.50 
531.35 
648.58 
L a r v a l 
p o p u l a t i o n 2 
i n 103 h a - 1 
132.7 
218.1 
296.0 
379.1 
638.9 
216.9 
1 . D e v i a t i o n s f r o m n o r m a l r a i n f a l l g i v e n i n p a r e n t h e s e s a n d w e r e c o m p u t e d f r o m t h e l o n g - t e r m a v e r a g e f o r J u n e - O c t o b e r ( 6 7 0 
m m ) . M o r e t h a n 8 0 % o f t h e a v e r a g e a n n u a l r a i n f a l l o c c u r s d u r i n g t hese m o n t h s a t I C R I S A T C e n t e r . L o n g - t e r m a v e r a g e 
r a i n f a l l ( 1 9 7 4 - 8 7 ) : J u n e - O c t o b e r 6 7 0 m m , J u n e - M a y 782 m m . 
2 . L a r v a l p o p u l a t i o n d e n s i t i e s w e r e s i g n i f i c a n t l y l o w e r i n excess r a i n f a l l y e a r s t h a n i n w a t e r - d e f i c i e n t yea rs ( P < 0 . 0 1 , K r u s k a l l -
W a l l i s o n e - w a y a n a l y s i s o f v a r i a n c e b y r a n k s ) . 
standard ized week ly l a r va l counts are no t an 
accurate record of the total p o p u l a t i o n present 
on the c rop , they nevertheless p rov ide a p p r o x i ­
mate estimates of the pest's abundance over a 
w ide area. We have used such counts to compare 
the a b u n d a n c e of H. armigera p o p u l a t i o n s 
across a series of a b n o r m a l l y d r y and wet years. 
A s u m m a r y of the da ta ob ta ined fo r the years 
1983-89 is g iven in Tab le 3. The number of 
H. armigera larvae per hectare was s ign i f icant ­
ly lower d u r i n g the years o f h igh ra in fa l l (June-
M a y 1983/84 , 1988/89, and 1989/90) t han d u r ­
i ng the f o u r successive d rough t years of 1984-87 
( P < 0 . 0 1 , K r u s k a l l - W a l l i s one-way analysis o f 
var iance by ranks) . M o r e o v e r , the abundance o f 
the pest's p o p u l a t i o n was compounded f r o m one 
year to the next d u r i n g this 4-year per iod of 
water def ic i t . Thus the la rva l popu la t i on on 
I C R I S A T ' s c ropped area increased f r o m 218.1 x 
103 ha-1 in 1984 to 638.9 x 103 ha-1 in 1987. 
However , in 1987, the moth 's m ig ra to ry act iv i ty 
con founded the direct and indi rect effects of 
d r o u g h t on the pest's popu la t i on dynamics. The 
l igh t and phe romone t raps on I C R I S A T f a r m 
recorded a massive i n f l ux of moths f r o m the 
d rough t - s t r i cken coastal area of A n d h r a Pra­
desh in November -December 1987. Th is i n c o m ­
ing m i g r a t i o n con t r i bu ted to the increase in size 
of the Helicoverpalarval popu la t i on in 1987/88. 
The cyc lon ic w inds that carr ied the m ig ra t i ng 
mo ths f r o m coastal A n d h r a Pradesh t o I C R I ­
S A T f a r m were f o l l owed by heavy rains i n 
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November -December 1987, thus exp la in ing the 
apparent d iscrepancy in our 1987 88 data f o r the 
J u n e - M a y per iod (Tab le 3). 
Th is un ique set of results f o r the semi-ar id 
t rop ics prov ides evidence of a posi t ive re la t i on ­
ship between d rough t cond i t i ons and outbreaks 
of H. armigera. The reasons f o r d rough t favo r ­
ing h igh pest popu la t i on g r o w t h are no t k n o w n . 
The physical and phys io log ica l changes induced 
by water def ic i ts can make w i l d and cu l t i va ted 
host p lants more vu lnerab le and acceptable to 
H. armigera. Thus , when subjected to d r o u g h t 
stress, a l l f ive I C R I S A T manda te crops and 
some o f the w i l d hosts g r o w i n g on the f a r m 
accumulate higher levels of p ro l i ne , reduc ing 
sugars and other metabol i tes invo lved in osmot ic 
ad jus tment . O u r l abo ra to ry exper iments have 
shown tha t some of these osmolytes s t imula te 
the larvae's feeding ac t iv i ty and the fecund i ty of 
female mo ths . We hope tha t f u r the r studies w i l l 
c la r i f y the insect-p lant re la t ionsh ip descr ibed 
here and lay a f o u n d a t i o n f o r p red i c t i ng the 
l i ke l i hood of H. armigera ou tbreaks on a w ide-
area basis (as opposed to a single c rop basis) in 
the semi-ar id t rop ics . 
G e n o t y p i c D i f fe rences in R e s i d u a l 
Ef fect 
Geno typ i c di f ferences f o r n o d u l a t i o n and n i t r o ­
gen - f i x i ng ab i l i t y have been observed in p igeon-
pea, and th is may inf luence the n i t rogen ava i l ­
able f o r a succeeding c rop . Prev ious studies 
ind icated that 1CPL 87, an SD genotype w i t h 
h igh y ie ld po ten t ia l in mu l t i p l e harvests, was l ow 
n o d u l a t i n g compared w i t h I C P 1-6, a n M D gen­
o type . We therefore invest igated whether geno­
typ ic di f ferences in n i t r ogen ( N ) f i x a t i o n o f 
I C P L 87 and I C P 1-6 are ref lected in the i r res id­
ua l effect on a f o l l o w i n g so rghum c rop . 
In the 1987 ra iny season, the m a i n p lo t t reat­
ments were i r r i ga t i on and no i r r i ga t i on and the 
subp lo t t rea tments were I C P L 87 in a m u l t i p l e 
harvest system, I C P 1-6, maize and fa l l ow , la id 
out on an A l f i s o l and a Ver t i so l a t I C R I S A T 
Host-plant Resistance 
Th is year we tested several podf ly- res is tant selec­
t ions f r o m the lines bred and advanced f o r 
pod f ly resistance a t I C R I S A T Center and a t 
G w a l i o r . The results obta ined f o r the most 
p r o m i s i n g lines g r o w n in large repl icated p lo ts 
are shown in Tab le 4 . 
P l a n t N u t r i t i o n 
A Special Project funded by the Gove rnmen t of 
Japan , i n w h i c h the phosphorus n u t r i t i o n o f 
p igeonpea was examined in de ta i l , has c o n ­
c luded and a w o r k s h o p on th is top ic was he ld . 
Howeve r , a second phase of th is Pro ject , to 
exam ine aspects o f m i n e r a l n u t r i t i o n o f p igeon ­
pea, has f o l l o w e d . 
T a b l e 4 . P o d d a m a g e b y p o d f l y (Melanagrom-
yza obtusa) on p i g e o n p e a l i n e s , b r e d f o r p o d f l y 
r e s i s t a n c e , g r o w n o n 5 - r o w p l o t s o f 4 - m l e n g t h ; 
i n 3 r e p l i c a t i o n - R B D t r i a l s a t I C R I S A T C e n t e r 
a n d G w a l i o r , r a i n y season 1 9 8 8 . 
P i g e o n p e a l ines 
I C P X 82111 -E4 -E1 
I C P X 82062 -E2 -E3 
I C P X 81277 -E42-E1 
I C P X 82056-E4-E1 
I C P X 82064 -E15-E1 
C o n t r o l s 
G w a l i o r 3 
I C P L 371 
I C P L 366 
T 7 
S E 
T r i a l m e a n 
( E n t r i e s tested) 
M e a n p o d d a m a g e (%) 
I C R I S A T 
Cen te r 
14.3 (21.9) 1 
29.4 (32.1) 
12.5 (20.3) 
8.5 (16.8) 
12.2 (20.4) 
22.5 (28.1) 
33.4 (35.3) 
25.5 (30.4) 
30.0 (33.1) 
(±2.28) 
21.7 
(16) 
G w a l i o r 
C o o p e r a t i v e 
Research 
S t a t i o n 
8.8 (17.1) 
7.7 (15.7) 
5.2 (12.9) 
9.5 (17.8) 
9.3 (17.6) 
22.8 (28.4) 
14.2 (21.9) 
26.2 (30.7) 
15.0 (22.8) 
(±1.99) 
15.5 
(20) 
1 . V a l u e s i n p a r e n t h e s e s a re a n g u l a r t r a n s f o r m a t i o n s . 
Podfly (Melanagromyza obtusa) 
Center . In the 1988 ra iny season, so rghum (cv 
I C S H 153 [ C S H 11]) w i t h f o u r levels of N fe r t i l ­
izer was g r o w n in sub-subplots. 
The results o f the A l f i so l f ie ld a lone are p re ­
sented here as the t r i a l on Ver t iso l suffered f r o m 
wa te r l ogg ing and large soi l heterogenei ty and is 
being repeated. 
1CP 1-6 had s ign i f icant ly more n o d u l a t i o n 
(nodu le numbe r and d ry mass) and acetylene-
reduc ing ac t i v i t y ( A R A ) than had I C P L 87 i n 
A l f i so l s (Tab le 5). The ra in fa l l d i s t r i bu t i on was 
such tha t there was no s igni f icant di f ference in 
y ie ld and biomass between i r r i ga t i on t reatments 
g iven to the 1987 crops. There was l i t t le d i f fer ­
ence between gra in yields of I C P L 87 (1.58 t ha - 1 , 
t o ta l of three harvests) and I C P 1-6 (1.66 t ha - 1 ) . 
T h e response of g ra in y ie ld of so rghum to N 
fe r t i l i zer when the so rghum was g r o w n in the 
1988 ra iny season indicated a benef ic ia l effect of 
b o t h p igeonpea genotypes on so rghum yields 
( F i g . 6). There were large genotyp ic dif ferences 
in the res idual effect o f p igeonpea—the benef i ­
c ia l effect o f I C P 1-6 on s o r g h u m g ra in y ie ld was 
equ iva len t to about 30 kg N ha - 1 and that of 
I C P L 87 about 5 kg N ha - 1 , compared to fa l l ow. 
I t is therefore i m p o r t a n t to select genotypes fo r 
b o t h h igh y ie ld and h igh n o d u l a t i o n characters 
i n the SD g r o u p . 
Lack of convergence of the curves at h igh N 
levels in F igu re 6 indicates benef ic ia l effects of 
p igeonpea o ther t han just N add i t ions . Deta i led 
studies us ing 15N isotope techniques w o u l d be 
requ i red to d is t inguish between inputs o f f i xed 
n i t rogen and o ther benef ic ia l effects o f p igeon­
pea. The present study also emphasizes the need 
f o r deta i led budget ing o f n i t rogen inputs , par ­
t i cu la r l y o f some of the newer p lant types being 
deve loped, such as E S D pigeonpea, whose n i t ­
rogen f i x a t i o n characterist ics are l i t t le k n o w n . 
Figure 6. Effect of previous crop treatments on the 
response of sorghum grain yield to nitrogen fertilizer 
in an Alfisol, lCRISAT Center, rainy season 1988. 
T a b l e 5 . N o d u l a t i o n , a c e t y l e n e - r e d u c i n g a c t i v i t y ( A R A ) , a n d s h o o t d r y mass o f p i g e o n p e a g e n o t y p e s 
( d i f f e r i n g i n n o d u l a t i o n ) , g r o w n o n a n A l f i s o l , 3 5 D A S ( A ) , a n d 5 8 D A S ( B ) a t I C R I S A T C e n t e r , r a i n y 
season 1 9 8 7 1 . 
G e n o t y p e s 
I C P L 8 7 
I C P 1-6 
S E 
C V (%) 
N o d u l e n u m b e r 
p l a n t - 1 
A 
16 
39 
±3.8 
39 
B 
8 
20 
±3.7 
76 
N o d u l e d r y mass 
( m g p l a n t - 1 ) 
A 
30 
51 
±3.1 
21 
B 
38 
186 
±31.9 
80 
A R A 
( µ M C 2 H 4 p l a n t - 1 h - 1 ) 
A 
0.73 
1.24 
±0.163 
47 
B 
0.5 
8.0 
±1.88 
125 
S h o o t d r y mass 
( g p l a n t - 1 ) 
A 
0.4 
0.5 
±0.04 
25 
B 
5.1 
7.1 
±0.61 
28 
1 . M e a n s o v e r i r r i g a t i o n l eve ls . 
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T a b l e 6 . E f f e c t o f f e r m e n t a t i o n w i t h Rhizopus oligosporus a t 3 0 ° C f o r 24 h on p r o t e i n a n d s t a r c h 
c o n t e n t s o f C 1 1 a n d N y l o n , 1 C R I S A T C e n t e r , r a i n y season 1 9 8 7 1 . 
C u l t i v a r 
C I I 
N y l o n 
S E 
P r o t e i n (%) 
C o n t r o l 
24.8 
23.5 
±0.34 
F e r m e n t e d 
29.8 
26.3 
±0.30 
So lub le n i t r o g e n 2 (%) 
C o n t r o l 
2.6 
2.9 
±0.18 
F e r m e n t e d 
25.6 
14.7 
±0.45 
S t a r c h (%) 
C o n t r o l F e r m e n t e d 
58.7 51.8 
57.7 54.3 
±1.02 ±0.76 
Sugars (%) 
C o n t r o l F e r m e n t e d 
0.6 1.9 
0.5 1.4 
±0.02 ±0.03 
1 . Based o n t w o d e t e r m i n a t i o n s o f f r e e z e - d r i e d s a m p l e f o r e a c h t r e a t m e n t . 
2 . g ( 1 0 0 g ) - 1 p r o t e i n . 
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Phosphorus-so lub i l i z ing R o o t 
E x u d a t e s 
Last year, we repor ted iden t i f i ca t ion o f c o m p o ­
nents in the an ion ic f r ac t i on o f roo t exudates 
f r o m p igeonpea, wh i ch were not present in r oo t 
exudates o f o ther c rop species, tha t cou ld so lu -
b i l ize fer r ic phosphate ( I C R I S A T A n n u a l Re-
por t 1988, pp . 97-98) . In c o l l a b o r a t i o n w i t h the 
D e p a r t m e n t o f A g r i c u l t u r a l Chemis t ry , H o k -
k a i d o Un ive rs i t y , Japan , analysis by gas c h r o -
ma tog raph , mass spectrometer, and nuclear mag ­
netic resonance a l lowed iden t i f i ca t ion of these 
componen ts as ( p - h y d r o x y b e n z y l ) - t a r t a r i c acid 
and its p-o-methy l der ivat ive (p -me thoxybenzy l ) -
ta r ta r i c ac id . The f o r m e r c o m p o u n d is k n o w n as 
piscid ic ac id . 
The c o n f i g u r a t i o n o f p isc id ic acid is s im i la r to 
the fam i l y o f f uk i i c acids, w h i c h d i f fer by subst i ­
t u t i on o f d i f ferent h y d r o x y l and me thoxy l groups. 
By c o m p a r i n g the ab i l i t y of these d i f ferent acids 
to so lub i l ize phosphorus f r o m ferr ic phosphate , 
we conc luded tha t the h y d r o x y l and c a r b o x y l 
g roups on the ta r ta r i c p o r t i o n are the act ive 
componen ts in che la t ing Fe3+ and thus releasing 
phosphorus . Fu r t he r studies are needed to q u a n ­
t i f y the release o f p isc id ic acid f r o m roots over 
t ime and establ ish genotyp ic dif ferences in this 
regard . Th i s i n f o r m a t i o n w i l l be requi red to 
de te rmine the extent to wh i ch pigeonpea can 
increase soi l avai lable phosphorus in the c r o p ­
p i n g system by u t i l i z i ng phosphorus sources o f 
l im i ted ava i lab i l i t y to o ther crops. 
G r a i n a n d F o o d Q u a l i t y 
Tempeh Q u a l i t y 
Pigeonpea u t i l i za t i on in tempeh, a fermented 
f o o d p r o d u c t , has been repor ted ( I C R I S A T 
A n n u a l Repo r t 1988, p. 99). We studied the 
organo lept ic propert ies of tempeh prepared f r o m 
who le seeds and dha l samples of 10 cu l t ivars 
( I C P L s 87, 151, 270, 366, 87051 , 87063, 87067, 
I C P 8863, B D N 2, and C 11). Very l i t t le d i f fe r ­
ence was observed in the o rgano lep t ic proper t ies 
and general acceptance of tempeh made f r o m 
these cu l t i va rs , as evaluated by eight panel 
members . We fu r the r examined the effect o f 
f e rmen ta t i on on the chemica l const i tuents o f 
p i g e o n p e a d h a l . F o r tempeh p r e p a r a t i o n , 
soaked and bo i led dha l samples of var iet ies C 11 
and N y l o n were fermented at 30° C f o r 24 h using 
Rhiiopus oligosporus. Soaked and boi led d h a l 
samples were used as con t ro l s . Fermented and 
c o n t r o l samples were freeze-dr ied and analyzed 
f o r p r o t e i n , s o l u b l e n i t r o g e n , s t a r c h , a n d 
soluble sugars. P ro te in content increased and 
starch content decreased due to f e rmen ta t i on 
(Tab le 6). We also observed remarkab le i n ­
creases in b o t h soluble sugars and soluble n i t r o ­
gen as a result of f e rmen ta t i on . An increase in 
so lub le sugars after f e rmen ta t i on cou ld have 
been due to an enzymat ic degrada t ion of s tarch, 
thus reduc ing the starch content . The am ino acid 
c o m p o s i t i o n o f fermented and c o n t r o l samples 
was s imi lar . 
Starch Propert ies a n d N o o d l e 
Q u a l i t y 
A stable v iscosi ty of ho t paste of starch is cons id ­
ered to be a desirable character is t ic of legume 
starch f o r p repara t ion o f noodles. We invest i ­
gated th is p roper t y us ing isolated starches of 
n ine cu l t i vars . A starch so lu t ion (8%) was heated 
at 95° C f o r 1 h, and i n i t i a l and f i na l v iscosi ty 
readings in Brabender uni ts were recorded us ing 
the v i scoamy log raph . There was no b reakdown 
in the v iscosi ty curve d u r i n g th is hea t ing per iod 
i nd i ca t i ng a stable v iscosi ty of p igeonpea s tarch. 
O u r ear l ier studies ( I C R I S A T A n n u a l Repor t 
1988, p. 98) have shown that s tarch noodles of 
p igeonpea d h a l were better t h a n those o f m u n g -
bean d h a l , bu t the starch ex t rac t i on rate f r o m 
b o t h the who le seed and dha l samples of m u n g 
bean was h igher than that o f p igeonpea. We 
ext racted the starch f r o m nine cu l t ivars ( I C P L s 
87, 151, 270, 366, 87051, 87063, 87067, I C P V 1 
[ I C P 8863] , and B D N 2) tha t were g r o w n a t 
I C R I S A T Center in the 1988 ra iny season. 
S ta rch y ie ld o f d h a l samples of these cu l t ivars 
(expressed as percentage of ex t rac t i on of t o t a l 
s tarch in the sample) ranged between 64.3% and 
82.0%, show ing considerable va r i a t i on . C u l t i ­
vars y ie ld ing higher starch recovery w i l l be 
fu r the r invest igated. 
N e w F o o d U s e s 
We exp lo red the feasib i l i ty o f us ing pigeonpea in 
var ious foods i tems of East A f r i ca . W i t h the help 
of a trainee f r o m Kenya , three impo r t an t Kenyan 
f o o d produc ts namely, Isyo, Mukimwa, and 
Muthokoyi, were prepared in w h i c h who le p i ­
geonpea seed was used. These f o o d products 
were prepared by add ing o ther required ingre­
dients such as maize, potatoes, and other vege­
tables. The organolept ic propert ies of these three 
f o o d p roduc ts were evaluated and f o u n d accept­
able by the taste pane l , w h i c h inc luded members 
f r o m A f r i c a n countr ies. 
R a t Bioassay o f N e w l y D e v e l o p e d 
Cu l t ivars 
Bio log ica l va lue, wh i ch serves as an index of 
p ro te i n qua l i t y , is lower in p igeonpea t h a n in 
T a b l e 7 . B i o l o g i c a l v a l u e ( B V ) , t r u e p r o t e i n d i g e s t i b i l i t y ( T D ) , ne t p r o t e i n u t i l i z a t i o n ( N P U ) , a n d 
u t i l i z a b l e p r o t e i n ( U P ) o f 1 0 p i g e o n p e a c u l t i v a r s , I C R I S A T C e n t e r , r a i n y season 1 9 8 8 1 . 
C u l t i v a r 
I C P L 8 7 
l C P L 1 5 1 
I C P L 270 
I C P L 366 
I C P L 87051 
I C P L 87063 
I C P L 87067 
I C P V 1 ( I C P 8863) 
C o n t r o l s 
B D N 2 
C11 
S E 
P r o t e i n (%) 
23.4 
20.5 
21.5 
22.7 
23.1 
22.7 
23 .9 
21.8 
22.8 
20.5 
±0.37 
B V (%) 
66.0 
68.2 
64.7 
70.6 
66.7 
65.3 
61.0 
67.9 
64.8 
69.7 
±2.35 
T D (%) 
89.1 
88.3 
87.6 
92.4 
90.6 
87.9 
92.8 
87.6 
89.6 
88.8 
±1.42 
N P U (%) 
58.9 
60 .2 
56.6 
65 .4 
60 .5 
57.4 
56 .6 
59 .5 
58.0 
61 .9 
±2 .30 
U P ( % ) 
13.8 
12.3 
12.1 
14.8 
14.0 
13.0 
13.5 
13.0 
13.3 
12.7 
±0.52 
1 . F i v e r a t s w e r e used f o r e a c h c u l t i v a r . 
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other g ra in legumes, even after c o o k i n g . We 
de te rmined the b io log ica l value ( B V ) , t rue p r o ­
te in d igest ib i l i ty ( T D ) , net p ro te in u t i l i za t ion 
( N P U ) , and u t i l i zab le p ro te in ( U P ) by conduc t ­
ing ra t - feed ing t r ia ls on cooked dha l samples o f 
newly developed cu l t ivars . D h a l samples were 
cooked at 1.05 kg c n r 2 fo r 15 m in in a pressure 
cooker . Wh i l e TD values o f these cu l t ivars 
ranged f r o m 87.6% to 92.8%, BV values ranged 
f r o m 61 .0% to 70 .6% (Tab le 7). L o w e r BV o f 
cooked d h a l samples m i g h t have been due to the 
lower b i oava i l ab i l i t y o f su l phu r - con ta i n i ng a m i ­
no acids. 
C h e m i c a l Changes in Vegetab le 
P igeonpea 
Keep ing in m i n d the harves t ing stages o f vegeta­
ble p igeonpea, the deve lop ing green seeds of t w o 
T a b l e 8 . H u n d r e d seed m a s s , m o i s t u r e c o n t e n t , a n d c h e m i c a l c o n s t i t u e n t s a t d i f f e r e n t stages o f seed 
d e v e l o p m e n t o f I C P 7 0 3 5 a n d T 1 5 - 1 5 , I C R I S A T C e n t e r , r a i n y season 1 9 8 8 1 . 
D a y s 
af ter 
f l o w e r i n g 
24 
26 
28 
30 
32 
S E 
24 
26 
28 
30 
32 
SE 
100-seed 
mass (g) 
F resh 
9.8 
16.2 
23.8 
27.7 
33.8 
±0.29 
9.0 
13.5 
13.4 
14.8 
19.0 
±0.39 
D r y 
1.9 
3.2 
5.3 
6.6 
9.2 
±0.43 
2.1 
3.2 
3.3 
4.8 
6.6 
±0.20 
M o i s t u r e 
(%) 
80.3 
80.1 
77.6 
76.1 
72.9 
±0.56 
77.2 
76.3 
75.5 
67.7 
65.2 
±0.87 
P r o t e i n 
(%) 
26.8 
(5.0)2 
25.8 
(8 .2) 
23.1 
(12.3) 
23.2 
(15.3) 
21.4 
(19.7) 
±0.53 
(0 .38) 
29.2 
(6.2)2 
25.6 
(8 .2) 
25.5 
(8.4) 
25.7 
(12.3) 
24.8 
(16.2) 
±0.32 
(0.18) 
Sugars 
(%) 
21.1 
(4.0) 
19.2 
(6 .2) 
15.8 
(8 .4) 
13.7 
( 9 . 0 ) 
12.9 
(11.9) 
±0.38 
(0 .30) 
9.8 
(2 .0) 
8.2 
(2.6) 
9.5 
(3.1) 
8.1 
(3.4) 
6.1 
(4.0) 
±0.08 
(0.05) 
S t a r c h 
(%) 
I C P 7035 
35.0 
(5.6) 
39.2 
(12.5) 
42.7 
(22.8) 
45.9 
(30.2) 
50.7 
(46.7) 
±0 .52 
(0.47) 
T 15-15 
29.2 
(6 .2) 
43.6 
(14.0) 
43.3 
(14.2) 
45.8 
(22.0) 
48.0 
(31.7) 
±0.55 
(0.25) 
C r u d e 
f i b e r 
(%) 
6.6 
(1.3) 
7.4 
(2 .4) 
7.5 
(3 .9) 
7.9 
(5.3) 
7.8 
(7 .2) 
±0.09 
(0.05) 
10.6 
(2 .1) 
9.8 
(3.2) 
9.1 
(3.0) 
8.9 
(4.3) 
8.6 
(5.7) 
±0.18 
(0.11) 
C a l c i u m 
M a g n e -
s i u m Z i n c I r o n C o p p e r 
m g ( 1 0 0 g ) - 1 
59.5 
52.0 
50.9 
53.9 
58.0 
±2.78 
91.8 
80.2 
84.3 
88.5 
87.5 
±3.89 
137.6 
135.2 
130.7 
127.8 
123.8 
±3.35 
140.4 
142.8 
142.3 
145.4 
144.1 
±4.30 
4 3 
3.7 
2.7 
2.5 
3.1 
±1.02 
2.8 
2.8 
2.5 
2.8 
2.8 
±0.15 
3.9 
3.6 
3.3 
3.0 
3.1 
±0.09 
3.9 
3.6 
3.7 
3.3 
2.9 
±0.14 
1.0 
0.9 
1.1 
1.2 
1.0 
±0.03 
0.7 
0.8 
0.6 
0.7 
0.7 
±0.08 
1 . M e a n s o f t w o d e t e r m i n a t i o n s o n f r e e z e - d r i e d s a m p l e s . R e s u l t s a re e x p r e s s e d o n m o i s t u r e - f r e e bas i s . 
2 . V a l u e s i n p a r e n t h e s e s i n d i c a t e m g s e e d - 1 . 
P l a n t I m p r o v e m e n t 
S h o r t - d u r a t i o n P igeonpea 
We cont inued our emphasis on breeding h i gh -
y ie ld ing E S D ( < 1 0 0 D A S a t Hisar fo r n o r m a l 
end-o f -June sowing) and SD (101 130 D A S ) 
pigeonpeas. We ident i f ied t w o new lines, I C P L 
86023 and I C P L 88026, fo r the A l C P l P m u l t i l o -
ca t iona l t r ia ls in 1989. B o t h are large seeded and 
outy ie lded the i r respective cont ro ls in each year. 
The per formance of these lines f r o m 1986-88 is 
summar ized in Tab le 9 . 
compared to T 15-15, a desirable qua l i t y in 
vegetable pigeonpea. 
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vegetable p igeonpea cu l t ivars , I C P 7035 and T 
15-15, were sampled at 24, 26, 28, 30, and 32 days 
after f l ower ing ( D A F ) . Changes in the chemica l 
const i tuents i nc lud ing minerals and trace ele­
ments , a t d i f fe rent D A F s fo r t w o cu l t ivars , I C P 
7035 and T 15-15 are summar i zed in Tab le 8. A 
large increase in the seed size was not iced 
between 24 and 28 D A F and i t con t inued to 
increase up to 32 D A F . The rate o f d r y mat te r 
a c c u m u l a t i o n in seeds was faster in I C P 7035 
t h a n in T 15-15. So lub le sugars and pro te ins , 
expressed as percentage of fresh mass and d ry 
mass decreased and starch content increased 
between 24 and 32 D A F . Green seeds of T 15-15 
con ta ined more ca lc ium and magnes ium than 
d i d seeds o f I C P 7035. However , I C P 7035 c o n ­
ta ined r em arkab l y h igher amounts o f soluble 
sugars, at a l l the stages of seed development , 
T a b l e 9 . G r a i n y i e l d a n d seed mass o f I C P L 8 6 0 2 3 ( i n d e t e r m i n a t e ) , I C P L 8 8 0 2 6 ( d e t e r m i n a t e ) , a n d 
c o n t r o l c u l t i v a r s a t the I C R I S A T C o o p e r a t i v e R e s e a r c h S t a t i o n a t H i s a r , r a i n y seasons 1 9 8 6 - 8 8 . 
L ines 
I C P L 86023 
C o n t r o l 
U P A S 120 
S E 
T r i a l m e a n 
( E n t r i e s ) 
C V (%) 
I C P L 88026 
C o n t r o l s 
I C P L 
I C P L 
S E 
T r i a l m e a n 
(En t r i es ) 
C V ( % ) 
G r a i n y ie ld ( t ha - 1 ) 
1986 
2.77 
2.37 
±0.25 
2.23 
(14) 
23 
-1 
1987 
3.28 
2.86 
±0.28 
2.86 
(18) 
17 
4 .21 
2.92 
2.74 
±0.39 
2.85 
(16 ) 
23 
1988 
2.29 
1.31 
±0.23 
1.66 
(16) 
24 
2.82 
1.60 
1.61 
±0.23 
1.92 
(18) 
20 
M e a n 
2.78 
2.18 
3.57 
2.44 
2.17 
S u p e r i o r i t y 
ove r c o n t r o l (%) 
27.5 
46.52 
100-seed 
mass (g) 
(1988) 
13.4 
7.2 
±0.23 
9.24 
(18) 
4 
12.0 
11.5 
12.0 
±0 .22 
11.87 
(18) 
3 
1 . - = D a t a n o t a v a i l a b l e . 
2 . S u p e r i o r i t y o v e r I C P L 1 5 1 . 
-
-
-
-
-
-
I n I C R I S A T ' s m u l t i l o c a t i o n a l t r ia ls w i t h de -
te rm ina te ( D T ) l ines, on an overa l l mean basis, a 
large-seeded l ine, I C P L 84031 , y ie lded the h igh -
est (1.74 t ha - 1 ) compared to the c o n t r o l , I C P L 
151 , w h i c h was in the f i f t h pos i t i on (1.35 t ha - 1 ) . 
A m o n g 12 locat ions, at 7 locat ions it was one of 
the t w o h igh -y ie ld ing l ines. We ident i f ied three 
new E S D ( I C P L s 87094, 88001 , and 88009) and 
f o u r S D ( l C P L s 87101, 87104, 88023, and 88027) 
DT pigeonpea lines y ie ld ing h igher t han the con -
t r o l cu l t i vars , b o t h a t I C R I S A T Center and a t 
H isar (Tab le 10). 
We also con t inued ou r ef for ts to develop SD 
inde termina te ( N D T ) l ines. I n I C R I S A T s m u l -
t i l oca t i ona l t r ia ls w i t h N D T l ines, based on 
overa l l means, I C P L 87115 yie lded the highest 
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T a b l e 1 0 . P e r f o r m a n c e o f s o m e n e w l y d e v e l o p e d e x t r a - s h o r t a n d s h o r t - d u r a t i o n d e t e r m i n a t e p i g e o n -
p e a l ines a t I C R I S A T C e n t e r a n d H i s a r , r a i n y season 1 9 8 8 . 
L i n e s 
E x t r a - s h o r t - d u r a t i o n l ines 
I C P L 87094 
I C P L 88001 
I C P L 88009 
C o n t r o l 
I C P L 4 
S E 
T r i a l m e a n 
(18 ent r ies) 
C V (%) 
S h o r t - d u r a t i o n l ines 
I C P L 87101 
I C P L 87104 
I C P L 88020 
I C P L 88023 
I C P L 88027 
C o n t r o l s 
I C P L 8 7 
I C P L 151 
S E 
T r i a l m e a n 
(18 ent r ies) 
C V ( % ) 
G r a i n y ie ld ( t ha - 1 ) 
I C R I S A T 
C e n t e r 
2.11(1)3 
1.95(2) 
1 .95(3) 
1 .83(4 ) 
±0.139 
1.55 
15.6 
2 . 8 8 ( 3 ) 
3 . 1 3 ( 1 ) 
1 .88(15) 
2.66 (4) 
2.92 (2) 
2.32 (8) 
2.44 (5) 
±0.279 
2.27 
21.3 
H i s a r 
1 .99(2) 
2 . 3 7 ( 1 ) 
0.95 (9) 
0.91 (10) 
±0.114 
1.12 
17.5 
2 . 1 7 ( 6 ) 
1 .69(11) 
3 . 0 9 ( 1 ) 
1 .88(9) 
2.69 (3) 
1.61 (12) 
1 .60(13) 
±0.227 
1.92 
20.5 
M e a n 
2.05 
2.16 
1.45 
1.37 
2.53 
2.41 
2.49 
2.27 
2.81 
1.97 
2.02 
A t I C R I S A T Cen te r 
T i m e t o 5 0 % 
f l o w e r i n g 
(days) 
65 
62 
64 
65 
±0.7 
55 
2.1 
70 
69 
73 
71 
73 
73 
69 
±0.9 
71 
2.2 
T i m e t o 
m a t u r i t y 
(days) 1 
116 
117 
112 
108 
±1.6 
104 
2.6 
134 
122 
137 
134 
137 
136 
116 
±1.5 
130 
2.0 
100-seed 
mass (g) 
8.4 
9.8 
8.9 
5.8 
±0.18 
8.9 
3.6 
12.9 
12.6 
10.8 
14.1 
11.0 
10.9 
11.0 
±0.20 
11.6 
2.9 
Seed 
c o l o r 2 
B 
B 
B 
B 
B 
C 
B 
B 
W 
B 
C 
1 . M a t u r i t y d e l a y e d b e y o n d n o r m a l c y d u e t o i nsec t d a m a g e a t I C R I S A T C e n t e r . 
2 . B = B r o w n , C = C r e a m , W = W h i t e . 
3 . V a l u e s i n p a r e n t h e s e s are r a n k s a t e a c h l o c a t i o n . 
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T a b l e 1 1 . P e r f o r m a n c e o f s o m e n e w l y d e v e l o p e d s h o r t - d u r a t i o n i n d e t e r m i n a t e p i g e o n p e a l ines a t 
I C R I S A T C e n t e r a n d H i s a r , r a i n y season 1 9 8 8 . 
L ines 
I C P L 86030 
I C P L 87113 
I C P L 87114 
I C P L 87116 
I C P L 88034 
I C P L 88036 
C o n t r o l s 
U P A S 120 
M a n a k 
SE 
T r i a l m e a n (18 ent r ies) 
C V (%) 
G r a i n y ie ld ( t h a - 1 ) 
I C R I S A T 
Cen te r H i s a r 
1 .54(16) 2 2 . 7 6 ( 1 ) 
2.49 (2) 2.46 (2) 
2 . 2 0 ( 3 ) 2 . 1 9 ( 4 ) 
1 .98(7) 2 . 0 4 ( 6 ) 
2 . 6 7 ( 1 ) 1.36(14) 
1 .92(8) 2 . 0 7 ( 5 ) 
1 .69(15) 1 .94(7) 
1 .51(17) 1 .73(9) 
±0.208 ±0.203 
1.87 1.65 
19.3 21.3 
M e a n 
2.15 
2.48 
2.20 
2.01 
2.02 
2.00 
1.82 
1.62 
I C R I S A T Cen te r 
. T i m e to 5 0 % 
flowering 
(days) 
72 
65 
64 
68 
68 
71 
65 
61 
±1.0 
66 
2.5 
T i m e t o 
m a t u r i t y 
(days) 
124 
117 
116 
119 
120 
124 
120 
111 
±0.9 
119 
1.3 
100-seed 
mass (g) 
10.7 
12.1 
9.4 
8.8 
8.9 
9.0 
7.2 
7.0 
±0.21 
9.4 
3.8 
Seed 
co l o r 1 
B 
B 
C 
B 
B 
B 
B 
B 
1. B = B r o w n , C = C r e a m . 
2 . V a l u e s i n p a r e n t h e s e s a re r a n k s a t e a c h l o c a t i o n . 
(1.89±0.099 t ha - 1 ) f o l l owed by I C P L 84052 
(1.63±0.099 t ha - 1 ) , and l C P L 85046 (1.61 t ha - 1 ) , 
compared w i t h the 11th rank fo r the c o n t r o l 
c u l t i v a r , U P A S 120(1.44 ± 0.099 t ha - 1 ) . Of the 13 
loca t ions , I C P L 87115 was a m o n g the t op f ou r 
entr ies at eight locat ions f o l l owed by I C P L 
84052 at six and I C P L 85046 at f ive locat ions 
compared w i t h the c o n t r o l , U P A S 120, wh i ch 
was a m o n g the t o p f o u r entr ies on l y a t t w o loca­
t ions . In a d d i t i o n to these, we have also i den t i ­
f ied f ive new N D T pigeonpea lines ( I C P L s 
86030, 87113, 87114, 87116, and 88036) w i t h 
larger seeds and higher g ra in yields t han those of 
the c o n t r o l cu l t ivars , U P A S 120 and M a n a k , 
b o t h a t I C R I S A T Center and at H isar (Table 
11). Of these, I C P L 86030 y ie lded the highest at 
H isa r and ranked 16th a t I C R I S A T Center , 
compared w i t h the 15th rank f o r the c o n t r o l , 
U P A S 120, and 17th rank f o r the c o n t r o l , 
M a n a k . Th is indicates that i t is more adapted to 
no r t he rn I n d i a n s i tuat ions. 
Compar ison Between Determinate and 
Indeterminate Short -durat ion Lines 
At I C R I S A T Center , we give greater emphasis 
t o breeding DT than N D T l ines. I t i s general ly 
bel ieved, however, that DT cul t ivars are c o m ­
para t ive ly lower yielders and are more suscepti­
ble to pod-bore r damage than N D T types. M a n y 
repl icated y ie ld t r ia ls have been conducted w i t h 
lines o f b o t h DT and N D T g r o w t h habi ts a t 
d i f fe rent locat ions over several years. D a t a f r o m 
115 y ie ld t r ia ls , consist ing of diverse genotypes 
o f s imi lar ma tu r i t y , conducted a t H isar , I C R I ­
S A T Center, and other locat ions (mu l t i l oca -
t i ona l t r ia ls) f r o m 1982 to 1988 are summar ized 
in Table 12 to h igh l ight the differences between 
these groups fo r y ie ld and insect damage. G ra i n 
y ie ld o f DT lines was in no way in fe r io r to that o f 
the N D T g roup . F u r t h e r m o r e , DT lines as a 
g roup d id not seem to be more susceptible to 
insect damage. 
Response of Ext ra -shor t -durat ion 
Pigeonpea to Sowing D a t e 
and Plant Popula t ion 
I t has been envisaged tha t E S D pigeonpea geno­
types w o u l d benef i t d o u b l e - c r o p p i n g systems 
w i t h wheat , as the i r reduced d u r a t i o n may per­
m i t greater f lex ib i l i t y in t ime o f sow ing o f wheat . 
Howeve r , th is should not be at the expense of 
y ie ld po ten t i a l o f E S D pigeonpeas. Since l i t t le is 
k n o w n abou t o p t i m u m ag ronomic requ i rements 
f o r E S D pigeonpeas, we evaluated the i r y ie ld 
po ten t i a l a t d i f fe ren t sowings and p lan t p o p u l a ­
t ions . S h o r t - d u r a t i o n p igeonpea genotypes were 
also inc luded fo r compar i son . 
S p l i t - p l o t expe r imen ts were conduc ted a t 
G w a l i o r and H isa r w i t h the m a i n p lots compr i s ­
i ng three sow ing dates, subplo ts i nc l ud ing three 
E S D genotypes and t w o SD genotypes, and sub-
subplots hav ing three p lan t popu la t ions . 
A t G w a l i o r , di f ferences a m o n g genotypes and 
the i r in te rac t ions w i t h sow ing dates were s ign i f i -
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T a b l e 1 2 . C o m p a r a t i v e p e r f o r m a n c e o f d e t e r m i n a t e ( D T ) a n d i n d e t e r m i n a t e ( N D T ) s h o r t - d u r a t i o n 
p i g e o n p e a l ines a t H i s a r a n d I C R I S A T C e n t e r , r a i n y seasons 1 9 8 2 - 8 8 . 
P a r a m e t e r 
Gra in yield 
Years 
N u m b e r o f t r i a l s 
T o t a l ent r ies tested 
M e a n g r a i n y i e l d ( t ha - 1 ) 
M e a n g r a i n y i e l d o f the t o p f i ve 
ent r ies in each test ( t ha - 1 ) 
Insect pest damage 2 
Years 
N u m b e r o f t r i a l s 
T o t a l ent r ies tested 
Hclicoverpa d a m a g e (%) 
P o d f l y d a m a g e (%) 
G r o w t h . 
h a b i t 
-
D T 
N D T 
D T 
N D T 
D T 
N D T 
D T 
N D T 
-
D T 
N D T 
D T 
N D T 
D T 
N D T 
D T 
N D T 
S t a t i o n t r i a l s 
H i s a r 
1982-88 
38 
32 
821 
642 
2.37 
2.26 
3.01 
2.85 
1985-88 
6 
6 
120 
124 
120 
31.4 
9.5 
13.5 
I C R I S A T Cen te r 
1984-88 
16 
13 
298 
256 
1.72 
1.32 
2.10 
1.63 
1984-88 
5 
5 
38 
65 
38 
52.8 
4.5 
3.3 
M u l t i l o c a t i o n a l 
t r i a l s 1 
1982-88 
8 
8 
129 
119 
1.67 
1.59 
2.10 
1.96 
1 . D a t a f r o m 6 9 t r i a l s . 
2 . D a t a f r o m n o n s p r a y e d t r i a l s . 
-
-
-
-
-
-
-
-
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At b o t h locat ions, E S D genotypes tended to 
give higher yields at 30 cm x 10 cm spacing where­
as SD genotypes y ie lded best at 30 cm x 20 cm 
spacing. 
Extending Pigeonpea Adapta t ion 
The present l im i t s to p igeonpea cu l t i va t i on ap ­
pear to be 30° la t i tude and 1000 m a l t i tude. The 
recently developed E S D lines are relatively p h o t o -
per iod- insensi t ive, and i t is possible to g r o w 
t hem under n o n t r a d i t i o n a l , re lat ive ly cooler 
env i ronments . Because o f the i r shor t g r o w t h 
per iod and relat ive pho toper iod- insens i t i v i t y , 
they can matu re before the co ld weather begins 
at h igher la t i tudes and a l t i tudes. An ex t ra -shor t -
d u r a t i o n pigeonpea in te rna t iona l t r i a l ( E X P I T ) 
was g r o w n at eight locat ions at lat i tudes > 3 0 ° N 
cant . E x t r a - s h o r t - d u r a t i o n genotypes were more 
stable across sowing dates than the con t ro l , 
I C P L 151, an SD genotype (F ig . 7a). A l t h o u g h 
ea r l y -sown E S D genotypes were at tacked by 
p o d - s u c k i n g insects, they were able to f lower 
aga in , and ma tu re at the same t ime as SD geno­
types. In the latest sow ing , in spite of earl ier 
m a t u r i t y t han the SD genotype, the E S D geno­
type gave up to 2 8 % more y ie ld than I C P L 151. 
A t H i s a r , E S D genotypes m a t u r e d abou t 
1 m o n t h ear l ier in al l the sowings. I C P L 84023, 
one o f the earl iest E S D genotypes, grew to on ly 
7 0 % of the he ight o f I C P L 151. I ts y ie ld was also 
l o w . B y con t ras t , I C P L 85015, another E S D 
type , had yields s imi lar to or h igher than those of 
I C P L 151 ( F i g . 7b) , a l t hough i t matu red abou t a 
week ear l ier . The effect of sowing date was no t 
s ign i f i cant a t th is l oca t ion . A t bo th locat ions, 
I C P L 85045 was general ly a good per fo rmer 
compared to a l l o ther genotypes. 
Figure 7. Effect of sowing date on yield of extra-short-duration (ICPLs 84023, 85015, 85010) and short-duration 
(ICPL 85045 and ICPL 151) pigeonpea genotypes grown at (a) Gwalior and (b) Hisar, India, rainy season 1988/89. 
3.0 
2.5 
2.0 
1.5 
1.0 
0.5 
23Jun 5 Jul 15 Jul 9Jun 29Jun 19 Jul 
Sowing date Sowing date 
b a 
85045 151 
85010 85015 84023 
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and at six a l t i tudes > 1000 m above sea level (asl). 
The per fo rmance of these lines (Tab le 13) sug-
gests tha t the c u l t i v a t i o n o f newly developed 
E S D lines can successful ly be extended to n o n -
t r a d i t i o n a l env i ronments . 
I n c o r p o r a t i n g D i s e a s e R e s i s t a n c e 
I n the M D and L D g roups , w e con t inued t o 
emphasize s tab i l i z ing p r o d u c t i v i t y by i nco rpo ­
r a t i n g resistance t o m a j o r diseases. I n the M D 
T a b l e 1 3 . S u m m a r y o f t h e p e r f o r m a n c e o f e x t r a - s h o r t - d u r a t i o n p i g e o n p e a l ines a t h i g h e r l a t i t u d e s 
a n d a l t i t u d e s , a t d i f f e r e n t l o c a t i o n s , s u m m e r 1 9 8 8 . 
L o c a t i o n 
H i g h e r l a t i t udes 
Co l l ege S t a t i o n , T e x a s , 
U S A 
T i f t o n , G e o r g i a , 
U S A 
S u w e o n , R e p u b l i c o f 
K o r e a 
C l y d e , C e n t r a l O t a g o , 
N e w Z e a l a n d 
P u l l m a n , W a s h i n g t o n , 
U S A 
Prosser , W a s h i n g t o n , 
U S A 
H i g h e r a l t i t udes 
B a r a p a n i , S h i l l o n g , 
I n d i a 
A l m o r a , U t t a r P r a d e s h , 
I n d i a 
S r i n a g a r , J a m m u and K a s h m i r , 
I n d i a 
S a l o o n i , H i m a c h a l P radesh , I n d i a 
A l e m a y a , E t h i o p i a 
R a n i c h a u r i , U t t a r P r a d e s h , 
I n d i a 
L a t i t u d e 
32° N 
34° N 
37° N 
45° S 
46° N 
46° N 
26° N 
30° N 
33° N 
33° N 
10° N 
30° N 
D a t e 
s o w n 
A l t i t u d e ( m ) (1988) 
1 0 4 1 3 J u n 
- 1 9 J u n 
3 1 M a y 
150 1 9 O c t 
1 9 M a y 
M a y 
1000 2 7 J u n 
1250 6 J u n 
1585 2 9 M a y 
1768 6 J u n 
1980 1 6 J u n 
2100 9 A p r 
H i g h - y i e l d i n g 
l ines 
I C P L 83015 
I C P L 83019 
I C P L 87109 
I C P L 86029 
I C P L 85010 
I C P L 87100 
I C P L 151 
I C P L 84023 
I C P L 87097 
I C P L 86010 
I C P L 85031 
I C P L 85030 
I C P L 85024 
I C P L 87095 
I C P L 151 
I C P L 83019 
I C P L 85014 
I C P L 85031 
I C P L 151 
I C P L 86012 
I C P L 85015 
I C P L 85049 
I C P L 87109 
G r a i n 
y i e l d 
( t h a - 1 ) 
3.73 
3.58 
4.97 
4.24 
2.42 
2.38 
1.02 
0.91 
1.01 
0.91 
2.53 
2.46 
1.83 
1.71 
1.99 
1.76 
0.89 
0.81 
0.42 
0.49 
0.39 
0.66 
0.65 
1 . A l t i t u d e o f t h e tes t s i te n o t r e p o r t e d . 
2 . T r i a l s w e r e h e a v i l y i n f e c t e d w i t h p o w d e r y m i l d e w d isease . 
-
-
-
T a b l e 1 4 . P e r f o r m a n c e o f t h r e e m e d i u m - d u r a t i o n p r o m i s i n g l ines a t s ix l o c a t i o n s i n I n d i a i n t h e 
m u l t i l o c a t i o n a l m e d i u m - d u r a t i o n p i g e o n p e a a d v a n c e d y i e l d ( M P A Y ) t r i a l , r a i n y s e a s o n , 1 9 8 8 . 
Entry 
I C P L 88046 
I C P L 88047 
I C P L 88045 
C o n t r o l s 
C 11 
B D N 1 
S E 
T r i a l m e a n 
(12 ent r ies) 
C V (%) 
G r a i n y ie ld ( t ha - 1 ) 
ICR ISAT K e o n j h a r 
Center (Or issa) 
3.18(1)1 2 . 9 2 ( 4 ) 
2.83 (2) 2.94 (3) 
2.42(5) 2 . 8 9 ( 5 ) 
2.66 (3) 2.97 (2) 
1.91(11) 2 . 3 2 ( 9 ) 
±0.195 ±0.358 
2.35 2.67 
17 20 
B a d n a p u r 
( M a h a r a s h t r a ) 
0.87 (7) 
0.95 (6) 
0 . 7 6 ( 1 0 ) 
1 .06(2) 
1 .00(4) 
±0.127 
0.91 
28 
A n a n d 
( G u j a r a t ) 
2 . 0 3 ( 1 ) 
1 .57(6) 
1 .60(5) 
1 .42(9) 
1 .52(7) 
±0.213 
1.53 
28 
C o i m b a t o r e 
( T a m i l N a d u ) 
0.77 (3) 
0.51 (6) 
0.90 (1) 
0.51 (6) 
0 . 3 8 ( 1 0 ) 
±0.092 
0.57 
32 
V a d o d a r a 
( G u j a r a t ) M e a n 
1 .65(9) 1 .90(1) 
2 . 1 4 ( 3 ) 1 .82(2) 
1 .79(6) 1 .73(6 ) 
2 . 1 5 ( 2 ) 1 .80(3) 
1 .97(5) 1.52(10) 
±0.211 
1.88 
15 
Percentage 
o f w i l t i n 
nu rse ry 
4 
1 
3 
58 
57 
1 . R a n k i n t h e t r i a l . 
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g r o u p , t w o f u s a r i u m w i l t - and SM-disease-
resistant l ines, I C P L 88046 and I C P L 88047, 
were tested at six I n d i a n locat ions in the m u l t i l o ­
ca t iona l M e d i u m - d u r a t i o n Pigeonpea Advanced 
Y ie ld ( M P A Y ) t r i a l . Y ie ld data are presented in 
Tab le 14 and I C P L 88046 and I C P L 88047 have 
been p r o m o t e d f o r eva lua t ion i n A I C P I P t r ia ls 
f o r 1989. 
We inco rpo ra ted SM resistance in the adapted 
var ie ty B D N 1 , by backcrossing and evaluated 
the p r o m i s i n g der ivat ives f o r y ie ld and o ther 
ag ronom ic t ra i ts under disease-free cond i t ions 
a t I C R I S A T Center. T w o lines p roduced s ign i f i ­
cant ly h igher yields and had larger seeds than the 
c o n t r o l cu l t i va r B D N 1 (Tab le 15). These lines 
have been ident i f ied f o r the M P A Y mu l t i l o ca ­
t i ona l t r i a l . We also succeeded in deve lop ing a 
wi l t - res is tant l ine, I C P L 88045, t h r o u g h gamma-
ray i r r a d i a t i o n f r o m a h igh-y ie ld ing bu t w i l t -
suscept ible cu l t i va r , L R G 30. Th is l ine was 
tested at six I n d i a n locat ions d u r i n g the 1988 
ra iny season and i t p roduced s imi la r average 
g ra in y ie ld as the na t i ona l con t ro l s C 11 and 
B D N 1 (Tab le 14). In a w i l t -s ick nursery at 
I C R I S A T Center, I C P L 88045 had 3% wi l t 
compared w i t h 58% in C 11. We p lan to evaluate 
I C P L 88045 in mu l t i l o ca t i ona l t r ia ls and study 
its genetics in re la t ion to other w i l t resistance 
sources. 
I n the L D g r o u p , a n SM-res is tan t l ine, I C P L 
87143, p roduced a s igni f icant ly higher g ra in 
y ie ld of 3.55±0.224 t ha - 1 , compared w i t h 2.88± 
0.224 t ha - 1 of the con t ro l cu l t ivar , Gwa l i o r 3, at 
Gwa l i o r . 
Incorporat ing Helicoverpa Resistance 
in M e d i u m - d u r a t i o n Pigeonpeas 
The yields of the newly released MD Helicoverpu-
t o le ran t genotype I C P L 332 (Abhaya ) are s im-
i lar to the cont ro ls C 11, B D N 1, and L R G 30 
under n o r m a l protected cond i t ions but is con -
sistently super ior under pesticide-free cond i t ions 
(Tab le 16). The value of th is l ine was f u r t he r 
p roven in 1987 when there was a severe outbreak 
of Helicoverpa pod borer in A n d h r a Pradesh. 
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T a b l e 1 5 . P e r f o r m a n c e o f t w o S M - r e s i s t a n t B D N 1 d e r i v e d l ines g r o w n a t I C R I S A T C e n t e r , r a i n y 
season 1 9 8 8 . 
E n t r y 
B D N 1 B C 3 F 2 - 2 * - S 6 * - S 3 * - S B * - B 
B D N 1 B C 3 F 2 - 1 6 * - S 4 * - S 5 * - S B * - S B 
C o n t r o l 
B D N J 
S E 
T r i a l mean (12 ent r ies) 
C V (%) 
G r a i n 
y i e l d 
(t ha - 1 ) 
2.69 
2.61 
2 .04 
±0 .130 
2.34 
11 
T i m e t o 5 0 % 
flowering 
(days) 
123 
121 
120 
±1.0 
121 
2 
T i m e t o 
m a t u r i t y 
(days) 
205 
203 
201 
±1 .2 
203 
1 
100 seed 
mass (g) 
11.1 
13.3 
10.3 
±0.15 
11.7 
3 
Percentage o f 
S M i n nu rse ry 
1986 
0 
0 
100 
1987 
0 
0 
100 
T a b l e 1 6 . P e r f o r m a n c e o f a H e l i c o v e r p a - t o l e r a n t l i n e , I C P L 3 3 2 , a n d c o n t r o l s , C 1 1 a n d B D N 1 , i n 
p e s t i c i d e - f r e e c o n d i t i o n s a t I C R I S A T C e n t e r , r a i n y seasons 1 9 8 5 - 8 8 . 
E n t r y 
I C P L 332 
C o n t r o l s 
C 11 
B D N 1 
SE 
T r i a l m e a n 
(En t r i es ) 
C V (%) 
1985 
G r a i n 
y ie ld 
( t ha - 1 ) 
1.84 
1.32 
1.44 
±0.168 
1.25 
(14) 
23 
B o r e r 
d a m a g e 1 
(%) 
11.6 
21.1 
33.4 
±3.34 
23.2 
(14) 
25 
1986 
G r a i n 
y ie ld 
( t ha - 1 ) 
1.43 
1.05 
-2 
±0.088 
1.33 
(16) 
13 
B o r e r 
d a m a g e 
(%) 
22.5 
38.3 
71.4 
±1.97 
24.0 
(16) 
16 
1987 
G r a i n 
y i e l d 
( t ha - 1 ) 
0.30 
0.04 
0.04 
±0.087 
0.27 
(12) 
64 
B o r e r 
d a m a g e 
(%) 
70.6 
99.6 
94.2 
±7.73 
71.3 
(12) 
22 
1988 
G r a i n 
y ie ld 
( t ha - 1 ) 
1.09 
1.22 
0.92 
±0.200 
0.91 
(16) 
38 
B o r e r 
d a m a g e 
(%) 
28.8 
34.1 
43.7 
±3.01 
33.1 
(16) 
16 
M e a n 
g r a i n 
y ie ld 
( t ha - 1 ) 
1.15 
0.89 
0.78 
B o r e r 
d a m a g e 
( m e a n 
% ) 
35 
51 
65 
1 . T h e p e r c e n t a g e o f b o r e r d a m a g e w a s a n a l y z e d a f t e r a n g u l a r t r a n s f o r m a t i o n . 
2 . N o t m e a s u r e d . 
H y b r i d s 
D u r i n g 1988, new s h o r t - d u r a t i o n D T and N D T 
hyb r i ds were evaluated a t H isar and I C R I S A T 
Center . The pe r fo rmance o f some p r o m i s i n g 
hyb r i ds is summar i zed in Tab le 17. A m o n g 
these, a n N D T h y b r i d , I P H 732, m a t u r i n g i n 148 
days at H isa r and 129 days at I C R I S A T Center , 
was the most ou ts tand ing w i t h a g ra in y ie ld of 
over 5 tha - 1 . We p lan to p roduce large quant i t ies 
o f seed o f some o f the p r o m i s i n g hyb r ids f o r 
m u l t i n a t i o n a l test ing. 
W i t h the close c o o p e r a t i o n o f I C R I S A T 
p igeonpea breeders, M a h a r a s h t r a H y b r i d Seeds 
C o m p a n y ( M A H Y C O ) , Ja lna , I nd ia , has mar ­
keted its f i rst p igeonpea hyb r i d in nine dist r ic ts 
of Maha rash t ra . I ts Research Manage r has 
repor ted a super ior i ty of 4 0 - 6 0 % in the p igeon-
pea hybr ids over the c o n t r o l cu l t i va r C 11 , w i t h 
y ie ld levels of 2.5 3.0 t ha -1 under sole c rop and 
1.7-2.21 ha - 1 in m i xed c r o p p i n g w i t h c o t t o n . He 
also i n f o r m e d that M A H YCO 's t ra ined cont ract 
seed growers have been able to harvest 1.0 1.5 t 
ha -1 of F1 h y b r i d seed and the i r m a r k e t i n g target 
f o r the next year is about 20 t. 
Genetic Studies 
The inher i tance o f g r o w t h habits ( D T , semi-
determinate [ S D T ] , and N D T ) i n pigeonpea was 
studied in F1 , F2 , and backcross generat ions of 
15 complete d ia l le l crosses i nvo l v i ng six parents 
( t w o o f each g r o w t h hab i t ) . The data revealed 
that N D T was d o m i n a n t over b o t h S D T and D T 
and that S D T was d o m i n a n t over D T . The 
segregat ion pat tern in the crosses i nv o l v i ng 
N D T and D T parents ind ica ted tha t the N D T 
T a b l e 1 7 . P e r f o r m a n c e o f s o m e n e w s h o r t - d u r a t i o n p i g e o n p e a h y b r i d s a t H i s a r a n d I C R I S A T C e n t e r , 
r a i n y season 1 9 8 8 . 
E n t r y 
Determina te 
lPH 550 
I P H 565 
C o n t r o l s 
P r a b h a t 
l C P L 151 
S E 
T r i a l m e a n (10 ent r ies) 
C V (%) 
Indeterminate 
I P H 732 
I P H 712 
I P H 714 
I P H 721 
C o n t r o l s 
T 2 1 
M a n a k 
S E 
T r i a l m e a n (18 entr ies) 
C V (%) 
G r a i n y ie ld 1 ( t ha - 1 ) 
H i s a r 
2.36 (2) 
3 . 3 2 ( 1 ) 
0.78 (9) 
1 .55(4) 
±0.183 
1.49 
17 
5 . 5 1 ( 1 ) 
4 .05 (4) 
4.46 (2) 
4.03 (5) 
2 . 3 8 ( 1 5 ) 
2 . 1 3 ( 1 7 ) 
±0.346 
3.34 
15 
I C R I S A T 
Cen te r 
5.08 (1) 
3.99 (2) 
1 .75(8) 
0 . 8 9 ( 1 0 ) 
±0.585 
2.78 
30 
5 . 5 8 ( 1 ) 
4.86 (3) 
4.31 (5) 
4.23 (8) 
2 . 4 6 ( 1 6 ) 
1 .53(18) 
±0.679 
3.65 
26 
M e a n 
3.72 
3.65 
1.27 
1.22 
5.55 
4 .46 
4.38 
4.13 
2.27 
1.83 
T i m e t o 5 0 % f l o w e r -
i n g (days) 
H i sa r 
69 
68 
67 
69 
±0.5 
66 
1 
93 
89 
88 
96 
92 
79 
±0.8 
89 
1 
I C R I S A T 
Cente r 
66 
67 
67 
69 
±0.7 
65 
2 
86 
84 
81 
91 
82 
66 
±0.9 
82 
2 
T i m e t o m a t u r i t y 
(days) 
H i s a r 
108 
106 
105 
114 
±0.9 
106 
1 
148 
146 
136 
143 
143 
130 
±0.8 
140 
1 
I C R I S A T 
Cente r 
110 
109 
106 
111 
±1.0 
108 
1 
129 
124 
126 
130 
124 
109 
±1.2 
124 
1 
1 . R a n k s a re g i v e n i n p a r e n t h e s e s . 
Pigeonpea 131 
132 Pigeonpea 
t r a i t was governed by a single d o m i n a n t gene. 
S i m i l a r l y , crosses between S D T and D T parents 
showed tha t the S D T g r o w t h hab i t was c o n ­
t ro l l ed by a single d o m i n a n t gene. The F2 p o p u -
l a t i o n o f the crosses i n v o l v i n g N D T and S D T 
parents segregated i n to a d i h y b r i d epistat ic ra t i o 
o f 12 N D T : 3 S D T : 1 D T . 
I n t e r n a t i o n a l P i g e o n p e a A d a p t a -
t i o n T r i a l s a n d S e e d D i s t r i b u t i o n 
We con t inued cooperat ive test ing o f newly deve l -
C o o p e r a t i v e Ac t i v i t i es 
T a b l e 1 8 . P e r f o r m a n c e o f s o m e p r o m i s i n g p i g e o n p e a g e n o t y p e s i n i n t e r n a t i o n a l t r i a l s , 1 9 8 8 . See a lso 
d a t a i n T a b l e 1 0 . 
C o u n t r y a n d 
l o c a t i o n 
C h i n a 
G u a n g z h o u 
I n d o n e s i a 
M a r o s 
M a r o s 
I r a n 
K e r a j 
N i g e r 
K o l o 
P a n a m a 
T o c u m e n 
C h i r i q u i 
S r i L a n k a 
A r a l a g a n w i l a 
T h e P h i l i p p i n e s 
I l o c o s N o r t e 
I l o c o s N o r t e 
I l ocos N o r t e 
Z i m b a b w e 
M a t o p o s 
D a t e s o w n 
27 A p r 1988 
2 A u g 1988 
2 A u g 1988 
1 J u l 1988 
17 J u n 1988 
24 O c t 1988 
26 O c t 1988 
4 D e c 1987 
18 M a y 1989 
12 N o v 1987 
12 N o v 1987 
12 N o v 1987 
24 N o v 1987 
8 D e c 1988 
G e n o t y p e 
I C P L 85033 
I C P L 86010 
I C P L 85027 
I C P L 86005 
I C P L 151 
I C P L 83015 
I C P L 86010 
I C F L 86005 
I C P L 84032 
I C P L 85012 
I C P L 8 7 
I C P L 86012 
I C P L 85024 
I C P L 87098 
I C P L 151 
I C P L 85021 
I C P L 270 
I C P V 1 
( I C P L 8863) 
I C P L 146 
I C P L 288 
I C P L 85033 
I C P L 4 
I C P L 84037 
I C P L 151 
I C P L 86005 
I C P L 87046 
I C P L 151 
I C P L 84023 
Y i e l d 
( t h a 1 ) 
2.03 
1.98 
1.09 
1.03 
1.00 
0.74 
2.63 
2.22 
1.54 
1.40 
2.21 
1.95 
2.96 
2.92 
3.30 
3.25 
0.88 
0.77 
4.31 
4.31 
4.17 
4.0 
4.44 
4 .18 
2.87 
2.35 
1.49 
1.14 
T r i a l m e a n 
( n u m b e r o f 
ent r ies) 
1 .38(17) 
-1 
-
1 .76(14) 
0 . 8 6 ( 1 3 ) 
1 .53(16) 
2 . 4 6 ( 1 4 ) 
2 . 7 8 ( 1 3 ) 
0 .64 (10) 
-
-
-
1 .76(14) 
0 . 8 4 ( 1 8 ) 
S E 
±0.17 
-
-
±0.26 
±0.33 
±0.24 
±0.34 
±0.43 
±0.08 
-
-
-
±0.28 
±0.24 
C V (%) 
22 
2 3 
23 
25 
66 
27 
24 
27 
26 
21 
20 
25 
28 
49 
1. - = D a t a n o t r e p o r t e d . 
oped p igeonpea genotypes in countr ies other 
t h a n I n d i a . D u r i n g 1988, SD yie ld t r ia ls were 
sent to 20 count r ies in As ia , A f r i c a , and Cent ra l 
A m e r i c a , and results have so far been received 
f r o m 12 countr ies (Table 18). G ra i n yields ranged 
f r o m 1.0 to 4A t ha - 1 . I C P L s 146, 151, 288, 
84037, and 85033 produced more than 4 t ha -1 
gra in y ie ld i n the Ph i l ipp ines . S im i l a r l y , i n S r i 
L a n k a , I C P L 1 5 1 and I C P L 85021 yielded more 
than 3 t ha - 1 . 
In response to requests, we suppl ied 161 sets of 
t r ia ls and 600 seed samples of el i te lines to coop -
erators in 40 countr ies, tha t is, Bahra in , Bangla­
desh, Ben in , B h u t a n , Bo l i v ia , Cameroon , Can ­
ada, Cape Verde , E t h i o p i a , the G a m b i a , Guate­
m a l a , G u y a n a , H o n d u r a s , I n d i a , I ndones ia , 
Japan , Kenya , M a u r i t i u s , M y a n m a r , Nepa l , 
N iger , N iger ia , O m a n , Pak is tan , Peru , the P h i l ­
ipp ines, Saud i A r a b i a , Sr i L a n k a , Tanzan ia , 
T h a i l a n d , T o g o , T r i n i d a d , U S A , U S S R , Vene­
zuela, V i e t n a m , West Ge rmany , Za i re , Z a m b i a , 
and Z i m b a b w e . 
C o o p e r a t i o n w i t h t h e I n d i a n 
C o u n c i l o f A g r i c u l t u r a l R e s e a r c h 
( I C A R ) 
An E S D l ine , I C P L 83006, p roduced an average 
of 21 % more g ra in y ie ld than the con t ro l cu l t i va r 
Pigeonpea 133 
T a b l e 1 9 . M e a n z o n a l p e r f o r m a n c e o f I C P L 8 3 0 0 6 a n d I C P L 8 4 0 3 1 i n t h e E x t r a - e a r l y A r h a r 
C o o r d i n a t e d T r i a l ( E X A C T ) c o n d u c t e d b y t h e A l l I n d i a C o o r d i n a t e d Pu lses I m p r o v e m e n t P r o j e c t 
( A I C P I P ) tests, r a i n y seasons 1 9 8 7 - 8 8 . 
Trials and genotype 
G r a i n y i e l d ( t ha - 1 ) 
SZ1 
1988 1987 
CZ1 
1988 1987 
Extra-early Arhar Coordinated Trial ( E X A C T ) 
Number of locations 
I C P L 83006 
Cont ro l 
Prabhat 
Pooled SE 
Superior i ty 
over contro l (%) 
3 3 
1.88 1.05 
1.49 (0.87)2 
±0.054 ±0.035 
26 20 
Early Arhar Coordinated Trial ( E A C T ) 
Number of locations 
I C P L 84031 
Cont ro l 
UPAS 120 
Pooled SE 
Superior i ty 
over control (%) 
4 2 
1.74 1.27 
1.34 0.91 
±0.048 ±0.067 
30 39 
2 7 
1.20 0.90 
(0.98)2 0.87 
±0.042 ±0.031 
22 3 
6 5 
1.35 1.02 
1.04 0.98 
±0.060 ±0.050 
30 4 
N W P Z 1 
1988 
4 
1.35 
1.10 
±0.039 
22 
1987 
5 
2.01 
1.52 
±0.062 
32 
7 
2.10 
1.59 
±0.051 
32 
N E H Z 1 
1988 
1 
0.92 
0.83 
±0.079 
11 
1987 
1 
1.77 
1.15 
±0.203 
53 
Weighted mean 
1988 
10 
1.42 
1.16 
22 
10 
1.51 
1.16 
30 
1987 
15 
1.30 
1.09 
19 
15 
1.60 
1.26 
27 
Overall 
weighted 
mean 
1.35 
1.12 
21 
1.57 
1.22 
28 
1 . S Z = S o u t h z o n e ; C Z = C e n t r a l z o n e ; N W P Z = N o r t h west p l a i n s z o n e ; a n d N E H Z = N o r t h east h i l l s z o n e . 
2 . U P A S 120 g r a i n y i e l d s a re g i v e n i n p a r e n t h e s e s because P r a b h a t w a s n o t i n c l u d e d i n t h e t r i a l a t l o c a t i o n s w h e r e d a t a w a s 
r e p o r t e d . 
3 . - = D a t a n o t a v a i l a b l e . 
P r a b h a t , in d i f fe ren t zones (Tab le 19) in the 
Ex t ra -ea r l y A r h a r C o o r d i n a t e d T r i a l ( E X A C T ) 
conduc ted b y A I C P I P . A n S D l ine , I C P L 84031 , 
was on an average 2 8 % super io r to the c o n t r o l 
cu l t i va r , U P A S 120, i n the Ea r l y A r h a r C o o r d i ­
nated T r i a l ( E A C T ) (Tab le 19). 
I C P H 8 , a s h o r t - d u r a t i o n N D T h y b r i d c o n ­
t i nued t o p e r f o r m wel l i n E A C T o f A I C P I P . I n 
the cent ra l zone, i t ranked f i rs t in m u l t i l o c a -
t i o n a l t r ia ls in each of the 3 years of test ing 
(Tab le 20). On an overa l l basis, I C P H 8 had 4 6 % 
h igher y ie ld t h a n the c o n t r o l cu l t i va r U P A S 120. 
I n t h e M D A r h a r C o o r d i n a t e d T r i a l - 2 
( A C T - 2 ) , three I C R I S A T l ines, I C P L s 87119, 
85066, and 85063, occup ied the t o p three ranks 
f o r overa l l pe r fo rmance in the sou thern zone 
(Tab le 21). Besides good average y ie ld po ten t i a l , 
I C P L 87119 showed y ie ld s tab i l i t y and has c o m ­
bined resistance to f usa r i um w i l t and S M , where­
as I C P L 85066 has resistance to f usa r i um w i l t . 
A n o t h e r l ine , I C P L 85063, has resistance t o S M . 
These lines are l i ke ly to p rov ide s tab i l i t y o f p r o ­
d u c t i o n in areas w h e r e these diseases are 
endemic. 
Scient ists f r o m I C R I S A T and I C A R i d e n t i ­
f ied areas o f j o i n t research in p igeonpea, and 
3-year pro jects were deve loped. J o i n t projects 
deal ing w i t h exp lo i t a t i on o f h y b r i d v igor , pheno-
log ica l studies, adap ta t i on o f SD pigeonpeas, 
inher i tance o f SM resistance, d rough t screening, 
and exchange o f i n f o r m a t i o n and mater ia ls , and 
visi ts were approved . 
T a b l e 2 1 . P e r f o r m a n c e o f p r o m i s i n g l ines f r o m I C R I S A T i n t h e A r h a r C o o r d i n a t e d T r i a l - 2 ( A C T - 2 ) 
o f t h e A l l I n d i a C o o r d i n a t e d P u l s e s I m p r o v e m e n t P r o j e c t ( A I C P I P ) t r i a l s i n t h e s o u t h e r n z o n e , r a i n y 
season 1 9 8 8 . 
Entry 
I C P L 87119 
I C P L 85066 
I C P L 85063 
Cont ro l 
C I I 
SE 
Mean 
(17 entries) 
CV (%) 
G r a i n y i e l d ( t ha - 1 ) 
I C R I S A T 
Center 
1.75(1)' 
1.74(2) 
1.43(5) 
1.42(6) 
±0.090 
1.30 
14 
Gulbarga 
1.00(5) 
1.02(4) 
0.89 (7) 
0.92 (6) 
±0.124 
0.85 
25 
Warangal 
0.66 (4) 
0.73 (2) 
0.49(10) 
0.36(13) 
±0.083 
0.52 
27 
Palem 
0.75 (3) 
0.54 (9) 
0.91 (1) 
0.47(13) 
±0.073 
0.58 
25 
Z o n a l 
mean 
1.04 (1) 
1.01 (2) 
0.93 (3) 
0.79 (9) 
T i m e t o 
m a t u r i t y 
(days) 
174 
174 
164 
168 
100-seed 
mass (g) 
9.7 
9.2 
9.8 
8.7 
I n the disease 
n u r s e r y i n 1989 
Wi l t (%) SM (%) 
2 5 
9 100 
87 0 
32 100 
1 . R a n k i n t h e t r i a l . 
T a b l e 2 0 . C o m p a r a t i v e p e r f o r m a n c e o f h y b r i d 
I C P H 8 a n d c o n t r o l c u l t i v a r U P A S 1 2 0 i n C e n -
t r a l z o n e i n t h e E a r l y A r h a r C o o r d i n a t e d T r i a l 
( E A C T ) o f t h e A l l I n d i a C o o r d i n a t e d P u l s e s 
I m p r o v e m e n t P r o j e c t ( A I C P I P ) , r a i n y seasons 
1 9 8 6 - 8 8 . 
N u m b e r o f 
Y e a r t r i a l s 
1986 3 
1987 4 
1988 6 
W e i g h t e d m e a n 
Y i e l d ( t ha - 1 ) 
C o n t r o l P o o l e d 
I C P H 8 U P A S 120 S E 
1 .09(1 ) 1 0 . 7 9 ( 2 ) ±0.050 
1 .50(1) 1 .11(4) ±0.060 
1 .63(1 ) 1 .04(5 ) ±0 .060 
1.46 1.00 
1 . R a n k s b a s e d o n m e a n s o f t h r e e t r i a l s i n 1 9 8 6 , f o u r t r i a l s 
i n 1987, a n d s i x t r i a l s i n 1988. 
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C o o p e r a t i v e H y b r i d P igeonpea 
N e t w o r k 
W i t h the increasing interest o f N A R S and p r i -
vate and pub l ic seed companies in hyb r i d p igeon­
pea, the Coopera t ive H y b r i d Pigeonpea Net-
w o r k ( I C R I S A T A n n u a l Repo r t 1988, p . 103) 
was st rengthened. I C R I S A T funded a j o i n t 
p l a n t i n g p lan meet ing held a t T a m i l N a d u A g r i ­
cu l t u ra l Un ivers i ty ( T N A U ) , Co imba to re ( T a m i l 
N a d u , I nd i a ) , to review the progress o f the p r o j ­
ect and to develop research plans fo r 1989. H i g h -
y ie ld ing hybr ids were ident i f ied and a j o i n t p lan 
f o r deve lop ing new hybr ids , large-scale test ing of 
p r o m i s i n g hyb r ids , h y b r i d seed p roduc t i on , and 
male-sterile conversion was fo rmula ted . 
A week- long H y b r i d Pigeonpea T r a i n i n g P r o ­
g r a m was conducted in September. Th is p r o ­
g r a m gave intensive theoret ica l t r a i n i ng and f ie ld 
t r a i n i n g in deve lopment and test ing procedures 
f o r p igeonpea hybr ids and in procedures fo r 
maintenance and transfer of male ster i l i ty to eli te 
genotypes. The par t ic ipants inc luded scientists 
f r o m Ind ian agr icu l tu ra l universi t ies, I C A R cen-
ters, and pr ivate seed industr ies (F ig . 8). 
I m p a c t Studies o n S h o r t - d u r a t i o n 
P igeonpea 
To assess the po ten t ia l o f SD pigeonpea in 
fa rmers ' f ie ld cond i t i ons , l C R I S A T ' s breeders, 
agronomis ts , and economists co l labora ted to 
conduc t o n - f a r m adapta t ion tr ia ls a t three I C R I ­
S A T Vi l lage- level S tudy ( V L S ) sites d u r i n g the 
1987 and 1988 ra iny seasons. Deta i led analysis 
of the results o f t r ia ls and of fa rmers ' percept ions 
o f SD pigeonpea has p roduced interest ing i n f o r -
m a t i o n . 
A t Au repa l l e , a V L S site in A n d h r a Pradesh 
Figure 8. Some of the participants of the Hybrid Pigeonpea Training Program, identifying male-sterile plants and 
making pollinations for developing experimental pigeonpea hybrids, ICRISAT Center, September 1989. 
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character ized by sha l low A l f i so ls (15-45 cm) and 
l o w annua l ra in fa l l (650 m m ) w i t h var iab le d is­
t r i b u t i o n , the ou t l ook fo r SD pigeonpea appeared 
m o r e favorab le under i r r iga ted cond i t i ons . I n 
1988, p ro f i t s f r o m SD p igeonpea exceeded those 
f r o m paddy c u l t i v a t i o n . Howeve r , under ra in fed 
cond i t i ons , insuf f ic ient ra in fa l l in 1987 severely 
l im i ted y ie ld and consequent ly its a d o p t i o n 
po ten t i a l . In 1988, wh i ch was a good ra in fa l l 
year, the y ie ld po ten t ia l and re turns were h igh 
even under ra in fed cond i t i ons . 
At Sh i rapu r , a Ver t i so l site in M a h a r a s h t r a , 
despite favorab le y ie ld and economic per for ­
mance in b o t h 1987 and 1988, there was some 
re luctance by farmers to adop t SD p igeonpea 
techno logy m a i n l y because of the larger invest­
ments requ i red and the lack o f assurance of ade­
quate r e t u r n on increased investment . There was 
a concern abou t the increased in fes ta t ion of pod 
borer . In tensive insect icide use, w h i c h is some­
t imes inef fect ive o r u n p r o f i t a b l e , pa r t i cu la r l y in 
the l o w - r a i n f a l l years, seems to escalate p roduc ­
t i o n costs and increase cost-benef i t ra t ios. 
At K a n z a r a , a deep Ver t i so l site in M a h a r a s h ­
t r a , fa rmers ob ta ined good y ie ld in the f i rs t year 
and therefore f o r m e d favorab le op in ions about 
SD pigeonpea. They were, however, d isappointed 
in the second year as wa te r logg ing and p h y t o p -
t h o r a b l i gh t dec imated crops in 4 of the 9 f ie ld 
tests, again h igh l i gh t i ng the element o f i ns tab i l ­
i t y i n cu l t i va t i on o f SD pigeonpea. 
In al l the three v i l lages, u t i l i z a t i o n o f har ­
vested seed depended on y ie lds; h igh yields en ­
couraged more produce to be used as seed fo r the 
succeeding year, and l o w yields encouraged sale 
o f seed. I n i t i a l u t i l i za t i on o f seed cou ld therefore 
be a means of assessing fa rmers ' acceptance of 
SD pigeonpea techno logy . The results o f these 
o n - f a r m a d a p t a t i o n t r ia ls ind icate tha t , t o i n ­
crease a d o p t i o n o f SD pigeonpea, its s tab i l i ty o f 
p r o d u c t i o n needs to be cons iderab ly i m p r o v e d . 
I n f o r m a t i o n B u l l e t i n 
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GROUNDNUT 
There are three in terac t ing g roundnu t programs 
i n I C R I S A T . The smallest, the Southern A f r i ­
can D e v e l o p m e n t C o o r d i n a t i o n Conference 
( S A D C C ) - I C R I S A T Reg iona l G r o u n d n u t P r o ­
jec t f o r Sou the rn A f r i c a [ the S A D C C - M a l a w i 
( S M ) P r o g r a m ] is based at the Chi tedze A g r i c u l ­
t u r a l Research S ta t i on , near L i l ongwe , M a l a w i . 
I t serves the needs of the g roundnu t researchers 
in the N a t i o n a l A g r i c u l t u r a l Research Systems 
( N A R S s ) o f the eight S A D C C countr ies by 
o rgan iz ing workshops and supp ly ing seed. M u c h 
of the ge rmp lasm suppl ied has been bred speci f i ­
ca l ly f o r the reg ion . The stress is on h igh y ie ld , 
h igh qua l i t y , and disease resistance. 
A t the I C R I S A T Sahelian Center ( ISC) , Niger, 
a s l igh t ly larger team, consist ing of an A g r o n o ­
m is t , Breeder, and Pa tho log is t , a ided by a 
Resource Managemen t P r o g r a m ( R M P ) Phys i ­
o log is t , recent ly t ransferred f r o m I C R I S A P s 
G r o u n d n u t G r o u p , responds to the wide and 
d ispara te needs o f the West A f r i c a n N A R S . The 
team members have real ized tha t i f they can f i nd 
o u t w h y there is so m u c h va r i ab i l i t y in the size 
and p r o d u c t i o n of plants g row ing side by side in 
a f i e l d , they w i l l have def ined at least some of the 
reasons f o r l ow yields in the reg ion. The results 
to date ind icate p lenty of scope f o r research by 
V i ro log is ts and Nemato log is ts . The three ma jo r 
f o l i a r diseases are o f p r i m a r y concern t h r o u g h ­
ou t the reg ion . The Patho log is t is b u i l d i n g up a 
n e t w o r k o f f ie ld sites and reg roup ing coopera-
to rs to evaluate l ines tha t are k n o w n to have 
resistance to funga l diseases as wel l as variet ies 
o f loca l s igni f icance f o r adap ta t i on t o West A f r i ­
can cond i t ions . 
At I C R I S A T Center, scientists have a g loba l 
respons ib i l i t y to car ry ou t research relevant to 
the needs of g r o u n d n u t researchers in the semi-
a r id t rop ics ( S A T ) and wherever g r o u n d n u t i s 
g r o w n . M o r e o v e r , the Center is also the reg iona l 
base f o r As ia . 
D u r i n g 1989 the I C R I S A T G r o u n d n u t G r o u p 
spent considerable t ime and ef for t rev iewing the 
then cur ren t research p rograms and m a k i n g 
plans f o r the fu tu re . In th is , i t was helped by 
representatives f r o m the SM P rog ram and I S C 
and by senior members of the I n d i a n , I ndone­
s ian, and T h a i N A R S s . The l inks w i t h the I nd ian 
Counc i l o f A g r i c u l t u r a l Research ( I C A R ) have 
also been d r a w n nearer to make i t easier f o r 
scientists in b o t h Ins t i tu t ions to w o r k together. 
In 1989, there were visi ts by several g r o u n d n u t 
scientists to and f r o m Bangladesh, the People's 
Repub l ic o f Ch ina , Indonesia, M y a n m a r , Nepa l , 
T a i w a n , and T h a i l a n d — a l l o f wh i ch s t rength­
ened the l inks o f I C R I S A T ' s As ian g r o u n d n u t 
ne twork . 
On the research f r o n t , the I C R I S A T ento­
mologis ts have made ou ts tand ing progress. Of 
pa r t i cu la r interest is the discovery that several 
w i l d Arachis spp are resistant to a soi l insect 
( jewel beetle la rva , Sphenoptera sp) and that a 
m u l c h of a c o m m o n I nd ian wayside weed can 
protect d r y i n g g roundnu ts f r o m termi te at tack. 
B o t h these f ind ings show that we may have 
f o u n d leads in so lv ing the re f rac tory prob lems 
posed by soi l insects. 
G r o u n d n u t Pathologists a t I C R I S A T Center 
screened a l l the avai lable germp lasm fo r resis­
tance to late leaf spot (Phaeoisariopsis perso-
nata) ( L L S ) and rust (Puccinia arachidis) and 
f o u n d many resistant l ines. Th is research is he lp­
ing scientists a t I S C , the SM P r o g r a m , and in the 
N A R S s o f A f r i c a and As ia . The Cel l Biologists 
were able to t ransfer f o l i a r disease resistance 
f r o m w i l d Arachis species to cu l t i vab le geno­
types. The Physiologists have increased thei r 
unders tand ing o f the mechanism of recovery in 
p lants after d r o u g h t — a key character ist ic of cer­
ta in g roundnu t varieties. The Breeders have had 
con t i nu ing success on al l f ron ts w i t h the varieties 
being bred a t I C R I S A T p r o v i n g popu la r . V i r o l ­
ogists at I C R I S A T Center have f o u n d a tech­
n ique fo r i m p r o v i n g the pu r i f i ca t i on o f t o m a t o 
spot ted w i l t v i rus ( T S W V ) . A n o t h e r c o m m o n 
weed host , the g r o u n d n u t streak necrosis disease 
( G S N D ) has been located in A f r i c a . The nema­
todes and peanut c l u m p v i rus ( P C V ) appear to 
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Since a h igh p r o p o r t i o n of g r o u n d n u t l ines 
selected f r o m mate r ia l bred f o r b io t i c stress 
resistances was f o u n d to be p h o t o p e r i o d sensi­
t i ve and y ie lded p o o r l y under l o n g day c o n d i ­
t ions ( I C R I S A T A n n u a l R e p o r t 1988, p . 116), 
we in i t i a ted a p r o g r a m to select progenies w i t h 
h igh p o d yields and harvest indices ( H l s ) in 
un favo rab le pho tope r i ods . D u r i n g the 1988/89 
pos t ra iny season, we grew three segregat ing 
ear ly -generat ion fol iar-disease resistant breed­
i ng popu la t i ons under ex tended day leng th (15 h) 
and selected F4 i n d i v i d u a l p lants w i t h a range of 
H ls . We f u r t h e r advanced the F 5 progenies o f 
these selections d u r i n g the 1989 ra iny season 
under a 17-h day leng th . We w o r k e d ou t cor re la ­
t ions between F 4 p lants and the i r F 5 progenies 
f o r p o d y ie ld , b iomass, and H I . I n a l l three 
crosses, cor re la t ions were h igh l y s ign i f icant f o r 
H I (r=0.63 - 0.78), i nd i ca t i ng t ha t th is c r i t e r i on 
can be a m a r k e r f o r p h o t o p e r i o d insens i t iv i ty 
( r=0.29 and 0.38). We ob ta ined l o w , bu t s tat is t i ­
ca l ly s ign i f i can t cor re la t ions f o r pod yields in 
t w o ou t o f three crosses, i nd i ca t i ng tha t p o d 
yields may also be considered as markers . 
D r o u g h t 
At I C R I S A T Center , d u r i n g the 1988 ra iny sea­
son , we evaluated 64 genotypes, selected f r o m 
d r o u g h t resistance screening exper iments f o r 
the i r pe r fo rmance under ra in fed cond i t i ons a t 
A n a n t a p u r , A n d h r a Pradesh. The c rop had ade­
qua te r a i n f a l l d u r i n g the vegeta t ive g r o w t h 
phase bu t exper ienced a typ ica l end-of-season 
d r o u g h t f o r 4 weeks before harvest. The yields of 
T a b l e 1 . P e r f o r m a n c e o f s o m e se lec ted g r o u n d -
n u t g e n o t y p e s u n d e r r a i n f e d c o n d i t i o n s a t A n a n -
t a p u r , r a i n y season 1 9 8 8 . 
G e n o t y p e 
I C G V 86187 
I C G V 86234 
I C G 8048 
I C G V 86124 
L o c a l c o n t r o l 
T M V 2 
S E 
T r i a l m e a n 
(64 ent r ies) 
C V (%) 
P o d 
w e i g h t 
( t ha - 1 ) 
3.7 
3.5 
3.5 
3.4 
2 .9 
±0.17 
2.8 
12 
T o t a l d r y 
m a t t e r 
( t ha - 1 ) 
6.7 
6.5 
7.0 
5.8 
5.4 
±0.37 
5.6 
13 
some genotypes were 3 0 % greater t h a n those o f 
the loca l c o n t r o l var ie ty T M V 2 (Tab le 1). 
D u r i n g the 1988/89 pos t ra iny season, we 
screened 391 genotypes f o r d r o u g h t to lerance 
us ing a l ine-source spr ink le r system and reta ined 
genotypes w i t h above-average pe r fo rmances 
under water def ic i t cond i t ions . 
Drought Physiology 
In the 1986/87 pos t ra iny season, we s tud ied the 
basis o f geno typ ic v a r i a b i l i t y in response to end -
of-season d r o u g h t cond i t i ons in 10 selected ge­
notypes in the f ie ld . The c rop was adequately 
watered u n t i l 82 days af ter sow ing ( D A S ) , af ter 
w h i c h d r o u g h t was imposed by w i t h h o l d i n g i r r i ­
ga t i on u n t i l 112 D A S . 
W a t e r used ( f r o m a 120-cm soi l p ro f i le ) and 
t o t a l d r y ma t te r ( T D M ) p roduced by the geno­
types d u r i n g the d rough t per iod were measured 
us ing a neu t ron p robe and g r o w t h analysis tech­
n iques. The T D M (vegetat ive + pod ) achieved by 
genotypes d u r i n g the d r o u g h t per iod ranged 
f r o m 72 to 150 g m - 2 and was closely related to 
the i r water use (Tab le 2). The genotyp ic va r i ab i l -
P h y s i c a l Stresses 
P h o t o p e r i o d R e s p o n s e s 
Selecting for H i g h Harvest I n d e x ( H I ) 
under L o n g Photoper iod 
be the cause of the h i gh degree of p lan t v a r i a b i l -
i t y i n West A f r i c a n g r o u n d n u t f ie lds. 
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T a b l e 2 . T o t a l d r y m a t t e r p r o d u c e d ( y ) , w a t e r 
use ( e ) , w a t e r use r a t i o ( q ) , a n d p a r t i t i o n i n g r a t i o 
( p r o p o r t i o n o f t o t a l d r y m a t t e r p a r t i t i o n e d i n t o 
p o d s ) ( h ) o f 1 0 g r o u n d n u t g e n o t y p e s d u r i n g a 
p e r i o d o f d r o u g h t ( 8 5 - 1 1 2 D A S ) , I C R k S A T 
C e n t e r , p o s t r a i n y season 1 9 8 6 / 8 7 . 
G e n o t y p e 
I C G 1697 
I C G 27J6 
I C G V 86707 
I C G 221 
I C G V 86635 
I C G V 86644 
I C G 476 
I C G 2738 
I C G 5305 
I C G 86743 
S E 
y 
9 6 
119 
133 
107 
150 
126 
7 4 
9 9 
8 4 
7 2 
± 1 1 . 2 
e 
( m m ) 
6 2 
6 7 
6 6 
5 6 
59 
53 
4 8 
6 8 
5 4 
5 0 
± 6 . 2 
q 
( g k g - 1 ) 
1.62 
1.78 
2 . 0 1 
1.90 
2 . 5 0 
2 .38 
1.54 
1.44 
1.38 
1.43 
± 0 . 1 8 
h 
(%) 
9 3 
7 7 
5 6 
8 6 
9 3 
6 8 
9 7 
9 7 
9 5 
6 5 
± 1 . 8 
i t y was m a x i m u m ( > 7 0 % ) f o r p a r t i t i o n i n g o f d r y 
mat te r to pods. We also f o u n d genotypic va r ia ­
b i l i t y in the water used and the water-use ra t i o 
( d r y mat te r p roduced per un i t a m o u n t o f water 
used, Tab le 2). 
We are co l l abo ra t i ng w i t h the Aus t ra l i an 
N a t i o n a l Un i ve rs i t y , Canbe r ra , t o ver i f y i f the 
C1 3 : C1 2 ca rbon d i sc r im ina t i on technique can be 
used to quan t i f y water-use ra t io o f g roundnu t 
genotypes g r o w n in the f ie ld under d rough t 
cond i t ions . 
The p a r t i t i o n i n g o f d r y mat te r between veget­
at ive and reproduc t i ve components in g round -
n u t is a c o m p l e x p h e n o m e n o n . F o r instance, the 
t i m i n g o f d r o u g h t can also in f luence the pa r t i -
t i o n i n g o f d r y mat te r to pods. Ear l ier studies 
( I C R I S A T A n n u a l R e p o r t 1981, p . 189) showed 
that d rough t du r ing pref lower ing phase increased 
p o d y ie lds o f K a d i r i 3 ( R o b u t 33-1). Th i s y ie ld 
increased because of a change in the d i s t r i bu t i on 
o f g r o w t h between vegetat ive and reproduct ive 
components f o l l o w i n g the release of d rough t . 
We have repor ted t ha t there is s ign i f icant 
geno typ ic v a r i a b i l i t y i n the p r o d u c t i o n o f pods 
f o l l o w i n g the release f r o m midseason d rough t 
( I C R I S A T A n n u a l Repor t 1984, p. 200). I t is 
possible that a sudden release f r o m midseason 
d rough t may cause a shif t in h o r m o n a l balance, 
pa r t i cu la r l y in endogenous c y t o k i n i n levels, thus 
in f luenc ing reproduct ive g r o w t h and develop­
ment . We examined this possib i l i ty in a pot cu l ­
tu re exper iment using f ou r genotypes w i t h 
k n o w n recovery responses. We grew these geno­
types in pots con ta in ing an A l f i s o l + sand m i x ­
ture (1:1 v / v ) w i t h adequate water and nu t r ien t 
supply . We then imposed midseason d rough t by 
w i t h h o l d i n g water f r o m 40 to 60 D A S , after 
w h i c h we rewatered the p lants . We mon i t o red 
the recovery response in reproduct ive and vege­
ta t ive g r o w t h by destruct ive sampl ing at weekly 
in tervals in the subsequent three weeks. We c o l ­
lected root-pressure exudates fo r 5 h s tar t ing at 
0900 af ter exc is ing stems at the t ime of samp l ing 
f o r g r o w t h analysis. The to ta l c y t o k i n i n concen­
t r a t i o n in the exudates was quant i f ied w i t h a 
cucumber coty ledonary bioassay. 
The concent ra t ion o f cy tok in ins in the exu ­
dates was s igni f icant ly higher in the plants du r ­
i ng recovery f o l l o w i n g a midseason d rough t 
compared to the con t ro l p lants wh i ch received 
regular i r r i ga t i on . A subsequent h igh pressure 
l i q u i d ch roma tog raphy ( H P L C ) analysis o f the 
exudates revealed seven types of cy tok in ins of 
w h i c h t rans-zeat in r iboside, isopentanyladenine, 
and d ihyd rozea t in r iboside had the highest 
concentrat ions. 
O u t of the f o u r genotypes tested in this exper­
imen t , K a d i r i 3 had in i t ia ted the most pegs 2 
weeks after recovery i r r i ga t i on and EC 76446 
(292) the least. T h e geno t yp i c v a r i a t i o n in 
number of pegs in i t ia ted d u r i n g the recovery 
per iod was closely associated (r=0.87) to the con ­
cen t ra t ion of cy tok in ins in the exudate (F ig . 1). 
D r o u g h t Research a t I S C 
We ran t w o d r o u g h t s imu la t i on t r ia ls a t I S C in 
1989. In the prerainy-season t r i a l , sown on 2 
Feb rua ry , we tested 36 g r o u n d n u t l ines under 
in te rmi t ten t d rough t stress. The amoun t o f water 
app l ied at each i r r i ga t i on was calculated by 
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Figure 1. Relationship between concentration of 
citokinins in root-pressure exudates and peg number, 
initiated by four groundnut genotypes within 2 weeks 
after recovery from midseason drought. 
d e t e r m i n i n g the da i l y po ten t i a l evapo t ransp i ra -
t i o n ( P E T ) us ing the P e n m a n e q u a t i o n and m u l ­
t i p l y i n g th is f i gu re by f i ve . In the three i r r i g a t i o n 
t rea tmen ts , th is ca lcu la ted q u a n t i t y was app l ied 
once every 5, 10, or 15 days, g i v i ng these t rea t ­
ments 100%, 5 0 % , and 3 3 % o f the P E T . I n the 
second t r i a l , sown on 31 J u l y us ing 35 o f the 
same 36 g r o u n d n u t l ines, we imposed a t e rm ina l 
d r o u g h t a t the end of the n a t u r a l r a i ny season as 
one t r ea tmen t and i r r i ga ted the o ther t rea tmen t 
t h r o u g h t o m a t u r i t y . The genotypes ranged, i n 
equa l n u m b e r , f r o m ear ly - , m e d i u m - , t o la te-
m a t u r i n g types. 
T h e mean h a u l m yields were very m u c h h igher 
in the prera iny-season t r i a l t h a n in the late ra iny -
season t r i a l , wh i l e p o d and seed yields were 
genera l ly m u c h lower i n the prerainy-season 
t r i a l . T h i s effect was due to p o o r p a r t i t i o n i n g i n 
the prera iny-season t r i a l , when p o d f o r m a t i o n 
and f i l l i n g were t a k i n g place in the longer and 
increas ing day lengths i n A p r i l and M a y . W e 
f o u n d tha t the ea r l i e r -ma tu r i ng l ines usua l ly 
gave bet ter p o d yie lds over the d r o u g h t t rea t ­
men ts ; o u t o f the m e d i u m - m a t u r i t y l ines, I C G V 
86015 and I C G V 87123 ( I C G S 11) p e r f o r m e d 
p a r t i c u l a r l y we l l . 
We observed t h a t several o f the l oca l l y 
adapted e a r l y - m a t u r i n g l ines showed above-
average p a r t i t i o n i n g s , p a r t i c u l a r l y under stress 
cond i t i ons ( F i g . 2). C u l t i v a r 796 pa r t i t i oned par ­
t i cu l a r l y we l l under ex t reme stress and cv 55-437 
p a r t i t i o n e d very we l l under in te rmed ia te stress. 
I C G V 87123 showed g o o d p a r t i t i o n i n g under a l l 
except the mos t ex t reme stress and the ear ly -
m a t u r i n g l ine I C G V 86047 was u n i f o r m l y above 
average. T h e l a t e - m a t u r i n g c o n t r o l cv 28-206 
showed a be low-average p a r t i t i o n i n g under a l l 
the stressed t reatments . 
Figure 2. Partitioning of selected groundnut geno-
types over five drought environments, ISC, Sadore, 
Niger, rainy season 1989. 
Breeding for D r o u g h t Tolerance 
We grew 319 F 4 -F 8 progenies f r o m 146 crosses 
under l o w - i n p u t , ra in fed cond i t i ons d u r i n g the 
1989 ra iny season a t I C R I S A T Center . We made 
202 selections f r o m these popu la t i ons . 
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Yield Trials 
D u r i n g the 1989 ra iny season, we tested 56 
advanced breed ing l ines in three y ie ld t r ia ls 
under l o w - i n p u t , ra in fed cond i t i ons a t I C R I S A T 
Center . The p o d yields in these t r ia ls ranged 
f r o m 0.16±0.050 t ha -1 to 3.17±0.180 t ha - 1 . The 
best en t ry in these t r ia ls , I C G V 86976, gave a 
5 5 % h igher p o d v ie ld t h a n the best d r o u g h t -
to le ran t c o n t r o l , lCG ( F D R S ) 55. A t A n a n -
t a p u r , we tested 34 var iet ies in t w o rep l icated 
y ie ld t r ia ls . T h e p o d yields in these t r ia ls ranged 
f r o m 0.42±0.100 t h a ' 1 to 1.61 ± 0.089 t ha - 1 . The 
best var ie ty , I C G V 86654, gave a 3 2 % higher p o d 
y ie ld t h a n the d rough t - t o l e ran t c o n t r o l , I C G 
( F D R S ) 55. 
P l a n t N u t r i t i o n 
A n I S C scientist eva luated, i n c o l l a b o r a t i o n w i t h 
the Un ive rs i t y o f H o h e n h e i m , West Ge rmany , 
the response of g r o u n d n u t in 1988 and 1989, the 
response to app l i ca t ions o f f a r m y a r d manure 
( F Y M ) , p h o s p h o r u s (P ) w i t h and w i t h o u t 
m i c ronu t r i en t s and c a r b o f u r a n made a t Sadore 
in 1988. T h e avai lab le P levels of un fe r t i l i zed so i l 
(B ray P1) were 8.1±0.37 mg P kg - 1 soi l f o r the t o p 
10 cm and 3.6±0.22 mg P k g - 1 soi l f o r the 10-30-
c m layer. Phosphorus i n c o m b i n a t i o n w i t h 
m i c r o n u t r i e n t s o r w i t h F Y M enhanced pod and 
h a u l m y ie lds m o r e t h a n P a lone (Tab le 3). A n a l ­
ysis o f p lan t t issue at m i d - p o d f i l l showed an 
increased concen t ra t i on o f n i t rogen ( N ) in the 
leaves and stems in t rea tments w h i c h inc luded 
m i c r o n u t r i e n t s (Tab le 3). The same p lo ts were 
eva lua ted in 1989 to assess the res idua l effects of 
the 1988 t reatments . The posi t ive effect of 
m i c ronu t r i en t s on y ie ld were larger in 1989 than 
in 1988 wh i le the effect o f F Y M d im in i shed . 
We examined the effect o f N and m o l y b d e n u m 
o n N 2 f i x a t i o n . Seed pe l le t ing w i t h m o l y b d e n u m 
at the rate of 100 g ha -1 as we l l as the app l i c a t i on 
o f 60 kg N h a - 1 increased T D M s ign i f icant ly (P 
< 0 . 0 1 us ing the Least S ign i f i can t D i f fe rence 
[ L S D ] test). C o m p a r e d t o the c o n t r o l , mean pod 
y ie ld increased by 2 4 % when seed pe l le t ing was 
used and by 14% w h e n N fe r t i l i za t i on was used. 
N i t rogenase ac t i v i t y ( µ m o l C 2 H 2 g - 1 ha - 1 ) and 
nodu le d r y mass were s ign i f i can t l y increased by 
seed pe l le t ing w i t h m o l y b d e n u m . 
T a b l e 3 . E f f e c t o f c a r b o f u r a n , p h o s p h o r u s , m i c r o n u t r i e n t s , a n d f a r m y a r d m a n u r e ( F Y M ) o n p o d a n d 
h a u l m y ie lds o f g r o u n d n u t , S a d o r e , N i g e r , r a i n y seasons 1 9 8 8 a n d 1 9 8 9 1 . 
T r e a t m e n t 
C o n t r o l 
C a r b o f u r a n 2 
18 kg P 2 O 5 + C a r b o f u r a n 
36 kg P 2 O 5 + C a r b o f u r a n 
36 kg P 2 O 5 + C a r b o f u r a n 
+ m i c r o n u t r i e n t s 
3 6 k g P 2 O s + C a r b o f u r a n + F Y M 
S E 
C V (%) 
Y i e l d ( t ha - 1 ) 
1988 
P o d s 
0.88 
1.91 
1.76 
2.15 
2.61 
2.88 
±0 .162 
19 
H a u l m s 
0.53 
1.04 
1.16 
1.27 
1.30 
2.15 
±0.103 
20 
1989 
P o d s 
0.32 
1.22 
1.29 
1.22 
2.27 
1.76 
±0 .162 
30 
H a u l m s 
0.32 
0.72 
0.80 
0.73 
1.08 
0.91 
±0.093 
30 
N i t r o g e n c o n -
c e n t r a t i o n 
(g kg-1 d r y 
mass in 1988) 
17.6 
17.0 
16.6 
16.0 
21.3 
18.0 
±0 .71 
10 
1 . R a n d o m i z e d - b l o c k d e s i g n w i t h s i x r e p l i c a t i o n s , p l o t s ize 1 2 m 2 . 
2 . C a r b o f u r a n a p p l i e d a t p r e s o w i n g a t 1 0 k g a . i . h a - 1 . 
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We in i t i a ted studies to invest igate the effect o f 
c r o p res idue, chelate, and P on g r o w t h and y ie ld 
of g r o u n d n u t . A chelate was used in th is s tudy to 
de te rm ine whe the r the synergist ic effects o f c r o p 
residue and P were caused by a che la t ing effect of 
the c rop residue render ing the P more avai lab le. 
Phospho rus a t the rate o f 36 kg o f P 2 O 5 ha - 1 w i t h 
o r w i t h o u t chelate s ign i f i can t l y increased y ie ld 
( F i g . 3). Chelate alone had no effect on y ie ld . 
I n c o l l a b o r a t i o n w i t h the Un i ve rs i t y o f B o n n , 
Federa l Repub l i c o f G e r m a n y , we have been 
s t u d y i n g the a t t r ibu tes tha t p rov i de g r o u n d n u t s 
w i t h a d a p t a t i o n t o l o w levels o f so i l c a l c i u m . 
C a l c i u m i s t a k e n up d i rec t l y f r o m the so i l by 
p o d s , and th is inadequate supp ly results in pods 
w i t h o u t seeds ( "pops " ) . R u n n e r genotypes d is­
perse the i r pods m o r e t h a n b u n c h genotypes, 
t yp i ca l l y p r o v i d i n g d o u b l e the soi l v o l u m e ava i l ­
ab le f o r c a l c i u m e x p l o i t a t i o n t o pods o f b u n c h 
genotypes. T h i s year we observed tha t d ispersal 
o f pods resulted in fewer " p o p s " . 
Figure 3. Effect of crop residue, chelate, and phos-
phorus on pod growth and yield of groundnut cultivar 
55-437, ISC, Sadore, Niger, rainy season 1989. 
A g r o n o m y 
Soi l and W a t e r M a n a g e m e n t 
W e eva lua ted the p e r f o r m a n c e o f t w o cu l t i va rs , 
28-206 and l C G S (E) 30, under three cu l t i va t i on 
m e t h o d s a t Sadore and unde r f i ve levels o f 
p h o s p h o g y p s u m a t Sadore and T a r a . C u l t i v a -
t i o n methods had no effect on p o d and h a u l m 
y ie lds a t T a r a . T ie r i d g i n g resul ted in s ign i f ­
i can t l y bet ter h a u l m y ie lds t h a n b road bed o r f l a t 
c u l t i v a t i o n a t Sadore. The h a u l m yields were 
1.08 t ha-1 f o r t ie r i d g i n g , 0.86 t ha-1 f o r 
b roadbeds , and 0.76 f o r f la t c u l t i v a t i o n , w i t h an 
SE o f ±0.032. A t Sadore , increasing levels o f 
p h o s p h o g y p s u m f r o m 0 to 400 kg ha - 1 increased 
p o d y ie ld f r o m 0.52 to 0.80 (±0.044) t ha - 1 , h a u l m 
y ie ld f r o m 0.76 to 0.97 (±0.051) t h a - 1 , and shel-
l i n g percentage f r o m 62 to 70 (±0.7). 
I n te rc ropp ing 
T h e c o m m o n pract ice o f i n t e r c r o p p i n g several 
c rops p rov ides the f a rme r w i t h a var ie ty o f 
re tu rns f r o m l and and l abo r , and th is o f ten 
increases the e f f i c iency w i t h w h i c h scarce 
resources are used and reduces his dependence 
on a single c r o p w h i c h is suscept ible to e n v i r o n ­
menta l and economic f luc tua t ions . We con t inued 
the i n t e r c r o p p i n g t r i a l i n i t i a ted i n 1988 ( I C R I -
S A T A n n u a l R e p o r t 1988, p . 145) a t Sadore and 
T a r a . As was expected, g r o u n d n u t p o d yields 
increased as the pear l m i l l e t seed decreased w i t h 
increas ing spac ing f o r pear l m i l l e t . A s im i la r 
t r end existed f o r g r o u n d n u t h a u l m and pear l 
m i l l e t s t raw y ie lds. There were no s ign i f icant 
d i f ferences in the m a i n effect f o r p o d y ie ld 
between g r o u n d n u t genotypes, bu t the var ie ty 
47-16 reached a m a x i m u m p o d y ie ld at 1 m x 2 m 
pear l m i l l e t spacing wh i le 28-206 and I C G S (E) 
11 reached the i r m a x i m u m at 1 m x 3 m pear l 
m i l l e t spac ing . V a r i e t y 47-16 y ie lded m o r e 
hau lms t h a n 28-206 and I C G S (E) 11. 
We grew a t r i a l to evaluate the pe r fo rmance o f 
e ight g r o u n d n u t variet ies as a sole c rop and as an 
i n te rc rop w i t h pear l m i l l e t (cv C I V T ) a t Sadore 
and at the I n s t i t u t n a t i o n a l de recherches ag ro -
nomiques d u N ige r ( I N R A N ) stat ions a t T a r a 
and M a r a d i . The re were no s ign i f i can t in te rac-
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t i ons i n p o d y ie ld between c r o p p i n g system and 
g r o u n d n u t cu l t i va r a t Sadore and M a r a d i . There 
was a s ign i f icant (P<0.05) i n te rac t i on between 
the g r o u n d n u t cu l t i va r and c r o p p i n g system at 
T a r a , bu t the var iance c o m p o n e n t associated 
w i t h th is i n t e rac t i on was on l y 13% o f the va r ­
iance c o m p o n e n t associated w i t h the g r o u n d n u t 
cu l t i va r m a i n effect. These results ind ica te t ha t 
in a sole c r o p , i t may be possible to select 
g r o u n d n u t l ines tha t w i l l p e r f o r m we l l as an 
i n te rc rop . 
disease-susceptible genotype I C G V 87123 d u r -
i ng the ra iny seasons of 1988 and 1989. Pod and 
h a u l m y ie lds, and severi ty o f the f o l i a r diseases 
were measured in stands o f genotype I C G V 
87123 g r o w n at e ight sow ing densit ies rang ing 
f r o m 14 x 103 to 1122 x 103 p lants ha - 1 , w i t h and 
w i t h o u t p rophy lac t i c disease c o n t r o l . 
P o d y ie ld da ta typ ica l l y c o n f o r m e d to a pa ra ­
bo l i c re la t i onsh ip w i t h p lan t densi ty (F i g . 4). 
The re were s ign i f i cant in te rac t ions between 
p l an t densi ty and disease c o n t r o l f o r pod y ie ld 
responses and disease sever i ty d u r i n g b o t h sea­
sons. T h e seventy of the f o l i a r diseases was 
h igher unde r h i gh densit ies. P o d y ie ld response 
to disease c o n t r o l per un i t area was more marked 
under h igh t han under l o w densit ies. Th is i n d i ­
cates tha t fa rmers need to op t im i ze the stand 
dens i ty t o m a x i m i z e the i r r e t u r n f r o m fung ic ide 
app l i ca t i on . 
Inf luence of P lant Densi ty on Fo l ia r 
Diseases 
Phys io log is ts and Patho log is ts a t I C R I S A T 
Center invest igated the i n te rac t i on o f p lan t den-
s i ty and f o l i a r diseases, and the i r c o n t r o l , in a 
Figure 4. Response of pod yield (t ha-1) of groundnut genotype ICG V 87123 (ICGS 11) to foliar diseases control 
under different plant densities, ICRISAT Center, rainy seasons 1988 and 1989. 
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B i o t i c Stresses 
F o l i a r F u n g a l Diseases 
Disease Surveys 
Vietnam 
We car r ied ou t disease surveys in V i e t n a m in 
A p r i l 1989 to assess the re lat ive i m p o r t a n c e of 
va r i ous g r o u n d n u t diseases. Ea r l y leaf spot 
(Cercospora arachidicola H o r i . ) ( E L S ) was 
c o m m o n l y present t h r o u g h o u t V i e t n a m wher ­
ever g r o u n d n u t was g r o w n and was mos t des­
t r uc t i ve in n o r t h e r n V i e t n a m . Rus t (Puccinia 
arachidis Speg.) and late leaf spot [Phaeoisari-
opsis personata (Be rk . & C u r t . ) v. A r x ] ( L L S ) 
were most severe in sou thern V i e t n a m , lead ing 
to comp le te des t ruc t i on o f the fo l iage t o w a r d s 
m a t u r i t y . The c r o p p i n g pat terns i n sou thern 
V i e t n a m , where g r o u n d n u t i s g r o w n mos t o f the 
year , p rov i de excel lent o p p o r t u n i t y f o r the rust 
pa thogen to be perpe tua ted f r o m season to 
season. 
Preemergence seed and seedl ing ro ts (species 
of Rhizopus, Fusarium, Aspergillus, and Rhi~ 
zoctonia), d a m p i n g - o f f disease (Pythium sp), 
co l la r r o t (Aspergillus nigervan T iegh . ) , and 
a f l a r o o t (Aspergillus flavus L i n k , ex F r . ) were 
c o m m o n l y observed t h r o u g h o u t the c o u n t r y , 
bu t the i r inc idence was no t h i gh . A f l a t o x i n c o n ­
t a m i n a t i o n is no t considered to be a serious 
p r o b l e m i n V i e t n a m . Produce f r o m the second 
c r o p ( A p r i l - J u n e ) i n sou the rn V i e t n a m usua l ly 
suf fers f r o m s low d r y i n g due to f requent ra ins 
d u r i n g harvest , and th is may predispose the p r o ­
duc t to A. flavus invas ion and a f l a t o x i n c o n t a m ­
i n a t i o n . O the r diseases observed on g r o u n d n u t 
c rops d u r i n g o u r survey inc lude leaf spot and 
v e i n a l n e c r o s i s (Alternaria alternata ( F r . ) 
Keiss ler) , phy l l os t i c ta leaf spot , (Phyllosticta 
arachidis-hypogaea Vasant R a o ) , pepper spot 
and leaf scorch (Leptosphaerulina crassiasca 
(Sechet) Jackson & Bel l ) , s tem ro t (Sclerotium 
rolfsii S a c c ) , p o d ro t s (Rhizoctonia solani 
K u h n , Macrophomina phaseolina ( T a s s i . ) 
G o i d . , and Fusarium spp) , r o o t r o t ( R h i z o c t o -
nia solani), bo t r y t i s b l i gh t (Botrytis cinerea 
Pers. ex Fr ies) , bacter ia l w i l t (Pseudomonas 
solanacearum E .F . S m i t h ) , peanut str ipe v i rus 
( P S t V ) disease, b u d necrosis disease ( B N D ) 
caused by t o m a t o spot ted w i l t v i rus ( T S W V ) , 
and r o o t - k n o t nematode (Meloidogyne sp). 
Guinea 
I n c o l l a b o r a t i o n w i t h the I ns t i t u t de recherche 
a g r o n o m i q u e de Guinee ( l R A G ) , we surveyed 
f o u r ag roc l ima t i c zones to iden t i f y the c o n ­
st ra ints to g r o u n d n u t p r o d u c t i o n in the largest 
g r o u n d n u t - g r o w i n g areas i n Gu inea . G r o u n d n u t 
is g r o w n t h r o u g h o u t the c o u n t r y . A f a m i l y c u l t i ­
vates an average o f 0.2 ha f o r h o m e use. In 
G a o u a l , K o u n d a r a , D a b o l a , and D i n g u i r a y e , 
however , g r o u n d n u t is g r o w n c ommer c i a l l y on a 
large scale. 
O n e o f the m o s t i m p o r t a n t diseases o f 
g r o u n d n u t in Gu inea is E L S , Cercospora ara-
chidicola. We f o u n d E L S in a l l g r o u n d n u t -
g r o w i n g areas. I ts incidence was very h igh in the 
D a b o l a reg ion . In a 2 - m o n t h - o l d c rop there was 
up to 8 0 % o f leaf area damage due to E L S and 
cons iderab le de fo l i a t i on . La te leaf spot , Phaeoi-
sariopsis personata, was i m p o r t a n t o n l y in the 
K i n d i a reg ion (130 k m f r o m C o n a k r y ) . Rus t 
(Puccinia arachidis) was f o u n d in K i n d i a . I ts 
inc idence was h i g h on l y in a few f ie lds. In o the r 
regions rust was no t observed. 
Aspergillus niger was the mos t c o m m o n seed­
l i n g disease and its inc idence was very h i g h in 
some reg ions. M o s t o f the fa rmers store the i r 
seeds f o r s o w i n g in the nex t season. Insects and 
f u n g i are the m a j o r storage p rob lems in s tored 
seed. We observed some t r a d i t i o n a l storage f ac i l ­
i t ies and f o u n d a very large n u m b e r of seeds 
co lon ized by A. flavus and A. niger. As seeds are 
s o w n by fa rmers w i t h o u t seed dress ing, i t is n o t 
su rp r i s ing that seedl ing diseases are endemic. 
G r o u n d n u t rosette v i rus ( G R V ) , b o t h i n ch lo -
r o t i c and green f o r m s , was the mos t i m p o r t a n t 
disease and was f o u n d in a l l agroeco log ica l 
zones. I t was severe o n l y in the D a b o l a and 
D i n g u i r a y e regions. Peanut streak v i rus was also 
severe, w i t h up to 7 0 % o f p lants in fec ted in some 
f ie lds. Peanut c l u m p v i rus was f o u n d in some 
areas, however , i ts incidence was general ly l o w . 
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Resistance to Rust and Late Leaf Spot 
Screening of Germplasm 
Sources o f resistance t o rust a n d / o r L L S d is ­
eases iden t i f i ed at I C R I S A T Center f r o m 1977 
to 1988 were f u r t he r evaluated f o r resistance to 
these diseases in repl icated f ie ld t r ia ls d u r i n g the 
1989 ra iny season. A fu r ther 800 recently acqui red 
g e r m p l a s m l ines were evaluated f o r resistance to 
these diseases. We have n o w comp le ted the 
screening o f a l l ge rmp lasm l ines cu r ren t l y ava i l ­
able i n the w o r l d co l l ec t i on ma in ta i ned a t I C R I ­
S A T f o r resistance to these diseases. We have 
124 rus t - res is tant , and 54 LLS- res i s tan t , and 29 
rus t - and LLS- res i s tan t ge rmp lasm lines ava i l ­
able a t I C R I S A T Center . 
Screening of Interspecific Hybrids 
W e tested f o u r in terspeci f ic hyb r i ds ( M K 374 x 
Arachis sp PI 276233), der ived f r o m tissue cu l -
tures by the Ce l l B io l ogy U n i t , f o r the i r react ions 
t o rus t , E L S , and L L S under monocyc l i c infec-
t i o n i n p lan t g r o w t h chambers using detached 
leaves. A l l entr ies showed a very h igh degree of 
resistance to these diseases. These interspeci f ic 
hyb r i ds w i l l be pa r t i cu l a r l y usefu l f o r E L S 
resistance b reed ing p rog rams since we do n o t 
have adequate levels of resistance to th is disease 
in the cu l t i va ted g r o u n d n u t . 
Resistance Breeding 
D u r i n g the 1988/89 pos t ra iny season, we eva lu ­
ated 89 a l ternate ly b ranch ing and 35 sequen­
t i a l l y b r a n c h i n g fo l iar-d isease resistant var iet ies 
in f ive rep l ica ted t r ia ls b o t h in A l f i s o l and Ver -
t i so l f ie lds a t I C R I S A T Center . T w o o f these 
t r ia ls (el i te) were also repeated at Bhavanisagar 
( T a m i l Nadu ) . In the a l ternate ly b ranch ing g r o u p 
t r ia ls , the p o d yields ranged f r o m 0.48 ± 0.140 to 
5.20±0.320 t ha - 1 . A p r e l i m i n a r y t r i a l en t ry , 
I C G V 88281 gave the highest pod y ie ld a t I C R I -
S A T Cente r i n the Ve r t i so l f i e l d . I n the sequen-
t i a l l y b r a n c h i n g g r o u p t r ia l s , p o d yie lds ranged 
f r o m 0.50±0.120 to 4.83±0.150 t ha - 1 . An el i te 
t r i a l en t r y , I C G V 87276 gave the highest p o d 
y i e l d , aga in in the Ver t i so l f ie ld a t I C R I S A T 
Center . 
D u r i n g the 1989 ra iny season, we evaluated 65 
a l t e r n a t e l y b r a n c h i n g a n d 3 2 s e q u e n t i a l l y 
b ranch ing fol iar-disease resistant variet ies in f ive 
rep l i ca ted t r ia ls a t I C R I S A T Center and i n t w o 
t r ia ls each a t A n a n t a p u r ( A n d h r a Pradesh) , 
B h a v a n i s a g a r ( T a m i l N a d u ) , a n d H i s a r 
( H a r y a n a ) . F o r b o t h the g roups , t r i a l mean 
yields were highest at the H isa r Coopera t i ve 
Research S t a t i o n . I n the a l te rnate ly b ranch ing 
g r o u p t r i a l s , t h e p o d y i e l d s r a n g e d f r o m 
0.71±0.115 to 3.69±0.226 t h a 1 . An el i te t r i a l 
en t r y , I C G V 87302 was the best en t ry tha t gave 
the h ighest p o d y ie ld of 3.69 t h a - 1 a t H isar and 
ou ty ie lded al l three con t ro l s , C 198, K a d i r i 3, 
and I C G V 87157 [ I C G ( F D R S ) 4 ] a t a l l l oca ­
t i ons , except a t A n a n t a p u r , w i t h the highest 
mean p o d y ie ld o f 2.29 t h a - 1 across the f o u r 
loca t ions (Tab le 4). D u r i n g the 1988 ra iny sea­
son , I C G V 87302 also ou ty ie lded the f o l i a r -
disease resistant c o n t r o l va r ie ty , I C G V 87157 at 
s ix o u t o f seven loca t ions and was modera te l y 
resistant t o E L S and L L S , i r o n ch loros is , and 
jassids ( A n n u a l Repor t 1988, pp . 120-121). 
In the sequent ia l ly b ranch ing g r o u p t r ia ls , the 
p o d yields ranged f r o m 0.34±0.112 to 3.25±0.212 
t h a 1 . T w o fo l iar -d isease resistant var iet ies, 
I C G V 87281 and I C G V 83334, ou ty ie lded al l the 
three con t ro l s , J L 24, I C G V 87157, and I C G V 
87128 ( I C G S 44) a t I C R I S A T Center , B h a v a n i ­
sagar, and H isa r (Tab le 5). Howeve r , i t was 
I C G V 87282 tha t gave the highest mean p o d 
y ie ld across the f o u r loca t ions and was reason­
ab ly stable in its pe r fo rmance . 
Effect of Temperature on Urediniospores 
of Puccinia arachidis 
We invest igated the effect o f tempera tu re on 
u red in iospore p r o d u c t i o n in P. arachidis under 
m o n o c y c l i c i n fec t i on us ing detached leaves o f 
the susceptible cu l t i va r T M V 2 . Ured in iospores 
p roduced at d i f fe rent temperatures were also 
exam ined f o r the i r i n v i t r o g e r m i n a b i l i t y . U r e d i -
n iospore p r o d u c t i o n was f a v o r a b l y in f luenced 
by tempera tu re levels between 20° and 30° C, the 
h ighest p r o d u c t i o n be ing at 25° C. Tempera tu res 
be low 20° C or above 30° C were h igh l y de t r i -
m e n t a l t o u red in iospo re p r o d u c t i o n . There were 
also m a r k e d di f ferences in percentage g e r m i n a ­
t i o n o f u red in iospores p roduced a t d i f fe ren t 
tempera tu res , g e r m i n a t i o n be ing highest at 20° C 
and decreasing a t l ower or h igher temperatures . 
T h e i n t e r a c t i o n o f t empera tu re w i t h u r e d i n i o ­
spore p r o d u c t i o n and g e r m i n a b i l i t y i s thus 
p roved to be i m p o r t a n t i n d e t e r m i n i n g the 
deve lopment o f g r o u n d n u t rust epidemics. 
Effect o f H o s t Genotype 
and Tempera ture on Components 
of Rust Resistance 
We invest igated the effects o f t empera tu re on 
i n c u b a t i o n p e r i o d , i n f ec t i on f requency , les ion 
150 Groundnut 
T a b l e 4 . M e a n p o d y i e l d s o f se lec ted e l i te f o l i a r - d i s e a s e s r e s i s t a n t , a l t e r n a t e l y b r a n c h i n g g r o u n d n u t 
v a r i e t i e s e v a l u a t e d a t f o u r l o c a t i o n s i n I n d i a , r a i n y s e a s o n 1 9 8 9 . 
E n t r y 
I C G V 87302 
I C G V 87304 
I C G V 87301 
I C G V 87305 
I C G V 87319 
I C G V 87248 
I C G V 87298 
C o n t r o l s 
C 198 
K a d i r i 3 
I C G V 87157 
S E 
T r i a l m e a n 
(16 en t r ies ) 
C V (%) 
E f f i c i e n c y 
L o c a t i o n 1 a n d m e a n p o d y i e l d ( t h a - 1 ) 
1 
2.00(2)2 
1.32(12) 
2 .01(1) 
1.93(3) 
1.86(4) 
1.35(11) 
1.86(5) 
1.38(10) 
0 .94(16) 
0 .99(15) 
±0.101 
1.52 
12 
ove r R B D 3 (%) 100 
2 
0.80(14) 
1.02(7) 
0.99(8) 
1.02(6) 
0.89(10) 
0 .95(9) 
0 .82(13) 
1.05(4) 
1.17(2) 
1.21(1) 
±0.115 
0.96 
21 
129 
3 
2.67(7) 
2.90(2) 
2 .69(6) 
2.93(1) 
2.79(4) 
2.60(8) 
2.84(3) 
2 .03(14) 
1.98(15) 
1.97(16) 
±0 .182 
2.45 
13 
100 
4 
3.69(1) 
3.62(2) 
3.11(6) 
2.79(9) 
2.86(8) 
3.48(3) 
2 .78(10) 
3.28(4) 
3.24(5) 
2 .31(13) 
±0 .226 
2.79 
14 
131 
M e a n 
2.29 
2.22 
2.20 
2.17 
2.10 
2.10 
2.08 
1.93 
1.83 
1.62 
1.93 
N u m b e r o f l o c a t i o n s 
w h e r e e n t r y r a n k e d i n : 
T o p 2 0 % B o t t o m 2 0 % 
2 1 
1 0 
2 0 
2 0 
0 0 
1 0 
1 0 
4 1 
1 2 
1 2 
1 . L o c a t i o n 1 = I C R I S A T C e n t e r , A l f i s o l , 6 0 k g P 2 O 5 h a - 1 , f u l l i r r i g a t i o n , f u l l i n s e c t - p e s t p r o t e c t i o n , i n t r i p l e - l a t t i c e d e s i g n , 
p l o t s ize 13.5 m 2 ( b r o a d b e d a n d f u r r o w s [ B B F ] ) . 
2 = A n a n t a p u r , A l f i s o l , 4 6 k g P 2 O 5 h a - 1 , r a i n f e d , r e s e a r c h p r o t e c t i o n , i n t r i p l e - l a t t i c e d e s i g n , p l o t s ize 6 .0 m 2 ( o n 
f l a t b e d ) . 
3 = B h a v a n i s a g a r , A l f i s o l , 6 0 k g P 2 O 5 h a - 1 , f u l l i r r i g a t i o n , r e s e a r c h p r o t e c t i o n , i n t r i p l e - l a t t i c e d e s i g n , p l o t s ize 6 .0 
m 2 ( o n f l a t b e d ) . 
4 = H i s a r , E n t i s o l , 6 0 k g P 2 O 5 h a - 1 , s u p p l e m e n t a l i r r i g a t i o n , n o p r o t e c t i o n , i n t r i p l e - l a t t i c e d e s i g n , p l o t s ize 6 .0 m 2 
( o n f l a t b e d ) . 
2 . N u m b e r s i n p a r e n t h e s e s a r e r a n k i n g s o f t h e e n t r i e s . 
3 . R B D - R a n d o m i z e d - b l o c k d e s i g n . 
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d iamete r , leaf area damage, pustu le r u p t u r e , and 
s p o r u l a t i o n of P. arachidis on six g r o u n d n u t 
g e n o t y p e s , r e p r e s e n t i n g r u s t - r e s i s t a n t a n d 
-suscept ib le react ions under monocyc l i c in fec­
t i o n us ing detached leaves. Rus t developed on a l l 
genotypes at 10° , 15° , 2 0 ° , 2 5 ° , and 30° C bu t d i d 
no t deve lop at 35° C and 4 0 ° C . I n c u b a t i o n 
p e r i o d decreased w i t h increase in tempera tu re , 
bu t in suscept ible genotypes i t aga in increased at 
30° C. There were no m a r k e d dif ferences in in fec­
t i o n f requency in susceptible genotypes at var ­
ious temperatures . In resistant genotypes, in fec­
t i o n f requency was highest at 30° C. Les ion 
d iameters g radua l l y increased w i t h increase in 
tempera tu re . In susceptible genotypes, the per­
centage of leaf area damage was highest at 25° C. 
A l m o s t a l l pustules rup tu red on susceptible geno­
types at a l l temperatures, releasing masses of 
u red in iospores . In resistant genotypes, the per­
centage of r up tu red pustules was highest at 15° C 
bu t w i t h on l y sparse spo ru l a t i on . The genotyp ic 
d i f ferences f o r some of the componen ts o f resis­
tance to g r o u n d n u t rust cou ld be best studied 
on l y at cer ta in temperatures, i nd i ca t i ng a s t rong 
i n t e r a c t i o n o f tempera tu re a n d g r o u n d n u t rust 
deve lopment . 
Eff icacy of Fungicides for Rust and La te 
L e a f Spot C o n t r o l 
We compared the eff icacy o f f o u r fung ic ides— 
h e x a c o n a z o l e , c h l o r o t h a l o n i l , m y c l o b u t a n i l , 
and wet tab le s u l p h u r — f o r rust and L L S c o n t r o l 
T a b l e 5 . M e a n p o d y ie lds o f se lec ted e l i te f o l i a r - d i s e a s e s r e s i s t a n t , s e q u e n t i a l l y b r a n c h i n g g r o u n d n u t 
v a r i e t i e s e v a l u a t e d a t f o u r l o c a t i o n s i n I n d i a , r a i n y season 1 9 8 9 . 
E n t r y 
I C G V 87282 
I C G V 87259 
I C G V 87281 
I C G V 87206 
I C G V 87276 
I C G V 87287 
I C G V 87334 
I C G V 87232 
C o n t r o l s 
I C G V 87157 
I C G V 87128 
( I C G S 44) 
J L 24 
S E 
T r i a l m e a n 
(20 ent r ies) 
C V (%) 
E f f i c i e n c y 
o v e r R B D 3 (%) 
L o c a t i o n 1 a n d m e a n p o d y i e l d ( t h a - 1 ) 
1 
1.73 (3) 2 
1 . 6 0 ( 9 ) 
1 . 7 1 ( 4 ) 
1 . 8 4 ( 2 ) 
1 . 9 4 ( 1 ) 
1.51(13) 
1 . 6 0 ( 7 ) 
1.52(12) 
1.33(17) 
1.19(18) 
1.42(15) 
±0.068 
1.49 
8 
113 
2 
0.78 (5) 
0.68(12) 
0.75(10) 
0.79 (4) 
0 .50(17) 
0.77 (9) 
0.49(18) 
0.62(14) 
0.53(15) 
1.02 (1) 
0.80 (3) 
±0.113 
0.68 
29 
103 
3 
2.56 (7) 
2 . 5 2 ( 6 ) 
2 .01(13) 
2 . 3 8 ( 9 ) 
2 . 5 4 ( 3 ) 
2 . 5 3 ( 4 ) 
2.00(14) 
2 . 6 2 ( 2 ) 
2 .00(15) 
1.16(19) 
1.64(17) 
±0 .230 
2.12 
19 
103 
4 
3.19 (4) 
3.12 (5) 
3.32 (1) 
2.44(14) 
2 .47(13) 
2.60(10) 
3.30 (2) 
2 .51(12) 
2.32(17) 
3.28 (3) 
2.01(20) 
±0 .206 
2 .66 
13 
118 
M e a n 
2.07 
1.98 
1.95 
1.86 
1.86 
1.85 
1.85 
1.82 
1.55 
1.66 
1.47 
N u m b e r o f l o c a t i o n s 
w h e r e e n t r y r a n k e d i n : 
T o p 2 0 % 
2 
0 
2 
2 
2 
1 
1 
1 
0 
2 
1 
B o t t o m 2 0 % 
0 
0 
0 
0 
1 
0 
1 
0 
2 
2 
2 
1 . F o r l o c a t i o n s , see f o o t n o t e 1 o f T a b l e 4 . 
2 . N u m b e r s i n p a r e n t h e s e s r e f e r t o r a n k i n g s o f t h e e n t r i e s . 
3 . R B D = R a n d o m i z e d - b l o c k d e s i g n . 
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i n a rep l ica ted f ie ld t r i a l a t I C R I S A T Center 
u s i n g the fo l i a r -d i sease suscep t ib le c u l t i v a r 
I C G V 87123. Fung i c i de sprays were g iven a t 
10-day- in terva ls s ta r t ing 30 D A S . P lo ts sprayed 
w i t h t ap wa te r served as con t ro l s . Hexaconazo le 
and c h l o r o t h a l o n i l were the most ef fect ive f u n g i ­
cides t o c o n t r o l b o t h rust and L L S and t o 
increase the y ie lds o f pods and hau lms (Tab le 6). 
T h e c o m b i n e d a t tack o f rust and L L S caused 
6 6 % loss i n p o d y ie ld and 5 2 % loss i n h a u l m 
y ie ld . 
r a i n y season a t I C R I S A T Center . P o d yields 
ranged f r o m 0.51 to 1.54 t h a - 1 (mean y ie ld o f 
1.07 ± 0.151 t ha - 1 ) in c o n t r o l p lo ts (sprayed w i t h 
wa te r ) and f r o m 1.49 to 2.94 t h a - 1 (mean y ie ld o f 
2.33±0.151 t ha - 1 ) in fung ic ide ( c h l o r o t h a l o n i l ) -
sprayed p lo ts . The y ie ld increases due to f u n g i -
c ide t rea tments ranged f r o m 39 to 192% (a mean 
o f 128%). 
Ear ly leaf spot (Cercospora 
arachidicola) research at Chi tedze 
Yield Response of Some Breeding Lines 
to Fungicidal Control of Rust 
and Leaf Spots 
Screening for Resistance 
We screened 25 l ines repor ted to have had resis­
tance to E L S a t I C R I S A T Center against sus­
cept ib le con t ro l s M a l i m b a and N a t a l C o m m o n , 
and a Valencia select ion I C G MS 55 hav ing to le r ­
ance to E L S t h r o u g h g o o d leaf re ten t ion . Y ie lds 
We tested the y ie ld response o f 20 h igh -y i e l d i ng 
b reed ing l ines tha t are suscept ib le to rust and 
leaf spots to p ro tec t i ve fung ic ide spray t rea t ­
ments in a rep l i ca ted f i e ld t r i a l d u r i n g the 1989 
T a b l e 6 . E f f i c a c y o f f o u r f u n g i c i d e s f o r c o n t r o l l i n g r u s t a n d l a t e l e a f s p o t , a n d t h e e f fects o n y i e l d s o f 
g r o u n d n u t ( c v I C G V 8 7 1 2 3 ) a t I C R I S A T C e n t e r , r a i n y season 1 9 8 9 . 
S p r a y 
t r e a t m e n t 2 
H e x a c o n a z o l e 
C h l o r o t h a l o n i l 
M y c l o b u t a n i l 
W e t t a b l e s u l p h u r 
W a t e r ( c o n t r o l ) 
S E 
C V (%) 
D e f o l i a t i o n 
pe rcen tage 
0(0)3 
0 (0 ) 
22 (27 .6 ) 
31(34.0) 
62(51 .9) 
± 1 . 9 
(1.17) 
16 
(10) 
L e a f a rea d a m a g e (%) 1 
R u s t 
0.3(3.0) 
1.5(6.8) 
4 .5(12.2) 
6.9(15.2) 
7.0(15.3) 
±0.43 
(0.61) 
21 
(11) 
L a t e lea f 
spo t 
0.2(2.6) 
0.4(3.7) 
5.2(13.1) 
7.4(15.7) 
12.6(20.7) 
±0 .82 
(0 .82) 
32 
(14) 
Y i e l d ( t ha - 1 ) 
P o d s 
2.75 
2.41 
1.59 
1.07 
0.93 
±0.11 
13 
H a u l m s 
2.22 
2.43 
1.83 
1.42 
1.15 
±0 .14 
16 
S h e l l i n g 
(%) 
69 
68 
69 
70 
72 
±0.8 
2 
1 . P e r c e n t a g e s o f l e a f a r e a d a m a g e d b y r u s t a n d l a t e l e a f s p o t d i seases w e r e assessed o n f i v e p l a n t s r a n d o m l y s e l e c t e d f r o m e a c h 
r e p l i c a t e d p l o t a t 100 D A S b y c o m p a r i s o n w i t h s c h e m a t i c d i a g r a m s d e p i c t i n g leaves w i t h k n o w n p e r c e n t a g e s o f t h e i r a f f e c t e d 
a r e a s . 
2 . H e x a c o n a z o l e ( 5 0 m L h a - 1 ) , c h l o r o t h a l o n i l ( 1 . 2 8 k g h a - 1 ) , m y c l o b u t a n i l ( 9 6 m L h a - 1 ) a n d w e t t a b l e s u l p h u r ( 8 0 0 g h a - 1 ) i n 5 0 0 
L o f w a t e r h a - 1 . P l o t s s p r a y e d w i t h t a p w a t e r ( 5 0 0 L h a - 1 ) s e r v e d a s c o n t r o l s . S p r a y t r e a t m e n t w a s s t a r t e d a t 3 0 D A S a n d 
t h e r e a f t e r a t i n t e r v a l s o f 1 0 d a y s . 
3 . V a l u e s i n p a r e n t h e s e s a r e a n g u l a r - t r a n s f o r m e d v a l u e s . 
T a b l e 7 . R e s p o n s e s o f t w o g r o u n d n u t g e n o t y p e s t o s ing le a p p l i c a t i o n s o f f u n g i c i d e m a d e a t f i v e d a t e s 1 , 
C h i t e d z e , M a l a w i , 1 9 8 8 / 8 9 . 
S E 
T r i a l m e a n 
(32 t r e a t m e n t s ) 
C V (%) 
M a l i m b a 
S o w n 19 D e c 1988 
A p p l i - Seed 
c a t i o n y i e l d 
( D A S ) ( t h a - 1 ) 
3 6 0 . 7 9 * * 
50 0.75 
6 4 0 . 8 0 * * 
78 0 . 8 0 * * 
9 2 0 . 7 7 * * 
C o n t r o l 0 .74 
±0 .028 
0 .79 
15 
S o w n 17 J a n 1989 
A p p l i -
c a t i o n 
( D A S ) 
34 
48 
62 
76 
90 
C o n t r o l 
Seed 
y i e l d 
( t h a - 1 ) 
0.41 
0 . 4 4 * 
0 . 4 0 * * 
0 . 3 8 * * 
0.37 
0.36 
±0 .012 
0 .40 
13 
1 C G M S 4 2 
S o w n 20 D e c 1988 
A p p l i -
c a t i o n 
( D A S ) 
36 
49 
63 
77 
93 
C o n t r o l 
Seed 
y i e l d 
( t h a - 1 ) 
1.97 
2.01 
2 .07* 
1.89 
1.97 
1.96 
±0 .066 
1.98 
13 
1 . 2 5 f a c t o r i a l e x p e r i m e n t s i n i n c o m p l e t e b l o c k s , 2 r e p l i c a t i o n s , p l o t s ize 14.4 m 2 . 
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were p o o r and results inconc lus ive . Howeve r , a 
few entr ies had l o w levels o f resistance, w i t h E L S 
scores s ign i f i can t l y l ower t h a n tha t o f I C G M S 
55. 
We received 3143 germplasm accessions, ma in l y 
Spanish types, f r o m I C R I S A T Center t o screen 
in observa t ion p lo ts . Few showed promise f o r 
E L S resistance b u t we re ta ined 57 f o r f u r t h e r 
observa t ion on y ie ld . 
Effect of T iming of Single Fungicide 
Applications on Yield 
T h e effect o f the t i m i n g o f a single app l i ca t i on o f 
c h l o r o t h a l o n i l on the y ie ld o f M a l i m b a , a sus­
cept ib le Spanish var ie ty was eva luated. There 
were t w o sow ing dates. T h e fung ic ide was ap­
p l i ed a t 36, 50, 64, 78, and 92 D A S to the ear ly -
sown p lo ts , and a t 34, 48 , 62, 76, and 90 D A S to 
the la te-sown p lo ts . 
There were h igh l y s ign i f i can t y ie ld responses 
to single app l i ca t ions o f fung ic ide made a t 36, 
6 4 , 7 8 , and 9 2 D A S o n the ear ly - s o w n M a l i m b a 
(Tab le 7). T h e largest response (122 kg ha - 1 ) was 
f r o m a spray app l i ca t i on a t 64 D A S . Sprays 
app l ied a t 6 4 , 7 8 , and 92 D A S resul ted i n s ign i f i ­
cant increases in seed size b u t d i d no t affect 
shel l ing percentage. 
On the la te-sown M a l i m b a , single app l ica­
t ions a t 48 , 62 , and 76 D A S resul ted in s i gn i f i ­
can t y i e l d responses ( T a b l e 7). T h e largest 
response (74 kg ha - 1 ) was f r o m a spray app l i ca-
t i o n a t 62 D A S . A p p l i c a t i o n a t 62, 76, and 92 
D A S increased shel l ing percentage s ign i f i can t ly 
and sprays app l ied at 62 and 76 D A S resulted in 
s ign i f icant increases in seed size also. 
In a d i f fe ren t exper imen t we assessed the 
effects o f single app l ica t ions o f c h l o r o t h a l o n i l on 
the E L S - t o l e r a n t V i rg in ia se lect ion, 1 C G M S 42. 
Fungic ides were appl ied at 36 ,49 , 63, 77, and 93 
D A S . O n l y the app l i ca t i on made a t 63 D A S 
resul ted in a s ign i f icant y ie ld increase (153 kg 
ha - 1 ) (Tab le 7). The spray at 92 D A S resulted in a 
s ign i f i can t decrease in shel l ing percentage. Seed 
size was no t affected by fung ic ide app l i ca t i on . 
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Breeding for Disease Resistance 
i n M a l a w i 
Breeding Mater ia l 
We sowed 19 F1 p o p u l a t i o n s f r o m crosses made 
f o r E L S to lerance t o c o n f i r m the i r h y b r i d i t y and 
to advance t h e m to the nex t genera t ion . 
F r o m 1834 F 3 p rogeny r o w s we re ta ined 377 
and selected 460 p lants f o r f u r t h e r eva lua t i on in 
p rogeny rows . Y ie lds were genera l ly l o w and few 
re ta ined the leaves under disease pressure. We 
a d v a n c e d 87 F 3 p o p u l a t i o n s by s ingle-seed 
descent. 
F r o m 72 F 4 - F 1 0 p o p u l a t i o n s , w h i c h inc luded 
disease-resistant ma te r i a l , we re ta ined on l y f ive 
f r o m w h i c h we selected 19 p lants . Selected 
in terspec i f ic der ivat ives and o ther fo l iar-d isease 
resistant b reed ing l ines re ta ined in 1987/ 88 were 
reevaluated b u t mos t were rejected because of 
p o o r y ie ld . 
We sowed 23 F1 p o p u l a t i o n s f r o m crosses 
made f o r G R V resistance t o c o n f i r m the i r 
h y b r i d i t y and to advance t h e m to the nex t gener­
a t i o n . We grew 10 F,s f r o m crosses made f o r I S C 
and 10 F1s f r o m crosses made f o r the Z i m b a b w e 
n a t i o n a l p r o g r a m . We advanced 40 F 2 p o p u l a ­
t i ons by a single-seed descent f o r screening in F3 . 
W e sowed 697 F 4 - F 6 p o p u l a t i o n s ar is ing f r o m 
GRV- res i s tan t p lants and re ta ined 300, f r o m 
w h i c h we made 231 pedigree and 84 b u l k 
select ions. 
Twe l ve GRV- res i s t an t b reed ing l ines w h i c h 
entered t r ia ls f o r the f i r s t t ime were inc luded in 
the G R V screening nursery . A l l were c o n f i r m e d 
resistant. 
Research on Fo l i a r Diseases 
in West A f r i c a 
Yield Losses 
F o l i a r f u n g a l diseases are the m a j o r const ra in ts 
t o g r o u n d n u t p r o d u c t i o n i n West A f r i c a . Rus t , 
L L S , and E L S are present i n a l l West A f r i c a n 
g r o u n d n u t - g r o w i n g areas, bu t the i r severit ies 
va ry f r o m place t o place. 
A t r i a l to assess y ie ld losses f r o m f o l i a r d is -
eases was repeated at three loca t ions in N ige r 
(Sado re , M a r a d i , and Bengou) and g r o w n a t 
th ree new loca t ions in h i ghe r - ra i n fa l l areas ( I n a 
and N i a o u l i , Ben in , and B o b o - D i o u l a s s o , B u r -
k i n a Faso) i n c o l l a b o r a t i o n w i t h i n te rna t i ona l 
and na t i ona l research organ iza t ions : Cent re de 
c o o p e r a t i o n in te rna t iona le en recherche ag ro -
n o m i q u e p o u r l e d e v e l o p p e m e n t ( C I R A D ) -
I ns t i t u t de recherches p o u r les hui les et o leag i -
neux ( I R H O ) , F rance , D i r e c t i o n Recherche 
A g r o n o m i q u e ( D R A ) , Ben in , I ns t i t u t na t i ona l 
d'etudes et de recherches agricoles ( I N E R A ) , 
B u r k i n a Faso , and I ns t i t u t n a t i o n a l d 'etudes e t 
de recherches agricoles ( I N R A N ) , N iger . S ix 
cu l t i va rs were sown in each l oca t i on ( three West 
A f r i c a n cu l t i va rs , 55-437, 28- 206, and 47-16 and 
three I C R I S A T breed ing l ines, i n c l u d i n g a h i g h -
y i e l d i n g c o n t r o l , I C G V 87123 and t w o disease-
resistant l ines, I C G ( F D R S ) 4 and I C G ( F D R S ) 
10 ( I C G V 87160) i n B e n i n , I C G ( F D R S ) 2 and 
I C G ( F D R S ) 7 0 i n B u r k i n a Faso , and I C G 
( F D R S ) 5 and 1 C G M S 55 in N iger . A pa r t o f the 
t r i a l was sprayed w i t h C M ( ca rbendaz im and 
mancozeb) at a ra te of 1.5 kg in 500 L water h a - 1 . 
The effects o f E L S and rust are n o t t aken i n t o 
cons ide ra t i on because E L S rema ined at a l o w 
level across loca t ions and rus t was severe on l y at 
B o b o - D i o u l a s s o . La te leaf spot was severe f r o m 
65 D A S o n w a r d s a t a l l l oca t ions except a t 
Sadore and M a r a d i . 
Y i e l d losses va r ied f r o m one l o c a t i o n to 
ano the r and f r o m one genotype t o another . A l l 
genotypes y ie lded bet ter i n Ben in t h a n i n B u r ­
k i n a Faso and N iger . I C G V 87123 was one o f the 
h ighes t -y ie ld ing l ines in a l l loca t ions . Average 
y ie lds w i t h fung ic ide app l i ca t i on were 2.2 t h a - 1 
i n N i g e r ( F i g . 5), 3.0 t h a - 1 i n B u r k i n a Faso ( F i g . 
6 ) , and 4.8 t h a - 1 in B e n i n ( F i g . 7) wh i l e average 
y ie lds w i t h o u t fung ic ide app l i c a t i on were 1.8 t 
ha - 1 in N ige r , 2.2 t h a - 1 in B u r k i n a Faso, and 2.9 t 
h a - 1 i n Ben in . Y i e l d loss i n N ige r was 4 9 % f o r 
c u l t i v a r 47-16 and o n l y 6 % f o r I C G M S 55. Y i e l d 
loss was very h i g h in B u r k i n a Faso w i t h a 5 6 % 
loss f o r I C G V 87123 bu t on l y 14% f o r I C G 
( F D R S ) 2 . In Ben in , a 3 8 % loss was observed in 
I C G V 87123 and a r o u n d 2 0 % f o r the resistant 
l ines I C G ( F D R S ) 4 and I C G ( F D R S ) 10. These 
results show c lear ly tha t y ie ld losses were m u c h 
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Figure 5. Yield losses from groundnut late leaf spot. Bengou, Niger, rainy season 1989. 
l owe r in l ines resistant to f o l i a r diseases t h a n in 
susceptible l ines. 
Screening for Resistance 
to Fo l i a r Diseases 
D u r i n g the 1989 ra iny season, we conduc ted t w o 
t r ia l s a t Bengou to est imate the reac t ion o f some 
ge rmp lasm and breed ing l ines selected in I n d i a , 
the f o r m e r f o r resistance to E L S , and the la t ter 
f o r resistance t o L L S . B o t h E L S and L L S were 
severe a t Bengou . T h e E L S sever i ty was h i gh 
f r o m 30 to 65 D A S and L L S was severe f r o m 45 
D A S u n t i l harvest . T h e f i n a l score f o r E L S was 
g iven a t 65 D A S and tha t f o r L L S was given a t 
90 D A S . 
Figure 6. Yield losses from groundnut foliar diseases. Bobo-Dioulasso, Burkina Faso, rainy season 1989. 
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Figure 7. Yield losses from groundnut late leaf spot. Ina, Benin, rainy season 1989. 
Early Leaf Spot Resistance Tr ia l 
Genotypes w h i c h gave E L S scores less t h a n 4.5 
or L L S scores less t h a n 3.5 are g iven in Tab le 8. 
Some lines repor ted to be resistant to E L S in 
I n d i a also showed resistance to E L S in N iger . 
T h e best l ines were I C G 7878 and I C G 6284. I t i s 
in te res t ing to no te tha t I C G 6284 also gave a 
g o o d p o d y ie ld . I C G s 7756, 1710, 2354, and 1707 
had resistance to L L S as we l l as E L S . 
Breeding for Yield and Resistance 
to Fol iar Diseases. 
T h e F o u r t h I n t e r n a t i o n a l F o l i a r D iseases 
Resistance G r o u n d n u t Var ie ta l T r i a l ( I F D R G V T ) 
was g r o w n at Bengou d u r i n g the 1989 ra iny sea­
son . T w o l ines f r o m the f o l i a r disease resistance 
b reed ing p r o g r a m a t I C R I S A T Center , I C G V 
87281 and I C G V 86600, and the suscept ible c o n ­
t r o l f r o m I C R I S A T Center , I C G V 87123, a l l 
s i gn i f i can t l y ou ty ie lded the loca l c o n t r o l 28-206 
(Tab le 9) , bu t d i d no t show any resistance to 
E L S o r L L S . O n l y one l ine , I C G V 86699, 
showed g o o d levels o f resistance to E L S and 
L L S , b u t gave a l o w p o d y i e l d . T h e c o m b i n a t i o n 
o f resistance to the leaf spots and h igh p o d y ie ld 
has no t yet been ach ieved, bu t one l ine , I C G V 
S e e d a n d S e e d l i n g D i s e a s e s 
Y i e l d L o s s e s f r o m S e e d l i n g D i s e a s e s 
Several pathogens cause seed and seedl ing d is­
eases of g r o u n d n u t and may severely damage the 
c rop . Aspergillus niger, A. flavus, Fusarium spp, 
Rhizopus spp, and Pythium sp have been f re ­
quen t l y observed in West A f r i c a . A m o n g these, 
A. niger is the most d a m a g i n g , caus ing g r o u n d -
nu t ' c r o w n ro t . ' 
D u r i n g the 1989 ra i ny season we conduc ted 
t r ia ls a t three loca t ions (Sadore , Bengou , and 
M a r a d i ) i n N ige r to est imate the y ie ld and p lan t 
losses f r o m seedl ing disease of g r o u n d n u t , us ing 
t w o fungic ides to c o n t r o l seedl ing diseases. Seeds 
were treated w i t h T e t r a m e t h y l t h i u r u m d isu lph ide 
o r CM (ca rbendaz im and mancozeb) a t the rate 
of 3 g k g - 1 of seed. F igures are on l y g iven f o r the 
t r i a l a t M a r a d i as the o ther t w o locat ions showed 
s im i l a r results. The percentage o f nonpro tec ted 
p lants tha t d ied af ter emergence in the n o n f u n g i -
cide t r ea tmen t ranged f r o m 1 9 - 4 3 % (±3.2) a t 
M a r a d i ( F i g . 8). Seed t reated w i t h fung ic ide 
p roduced h igher yields t h a n the nont rea ted c o n -
87240, had a s l igh t l y l owe r score f o r L L S t h a n 
the con t ro l s and a reasonable p o d y ie ld . 
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G e n o t y p e 
T r e a t e d C o n t r o l 
S E + 0 .18 
5 
4 
3 
2 
1 
0 
2 8 - 2 0 6 55-437 4 7 - 1 6 I C G V 8 7 1 2 3 I C G ( F D R S ) 4 I C G ( F D R S ) 1 0 
( I C G S 11) 
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T a b l e 8 . D i s e a s e score a n d y i e l d o f g r o u n d n u t g e n o t y p e s se lected f o r res is tance t o e a r l y l e a f s p o t ( E L S ) 
a n d l a t e l e a f s p o t ( L L S ) , B e n g o u , N i g e r , r a i n y season 1 9 8 9 1 . 
E n t r y 
I C G 7878 
I C G 6284 
I C G 8298 
I C G 2354 
I C G 10900 
I C G 10954 
I C G ( F D R S ) 272 
I C G M S 5 5 
I C G 6949 
I C G 7756 
I C G 8339 
I C G 4750 
I C G 7741 
I C G 10000 
I C G 9402 
I C G 10960 
I C G 1710 
2192 -4 
U S A 63 
I C G 6022 
I C G V 86690 
S E 
T r i a l m e a n 
(144 ent r ies) 
C V (%) 
E f f i c i e n c y ove r 
R B D 5 (%) 
E L S 2 
3.0(1)4 
3.1(2) 
3.4(3) 
3.5(4) 
4 .0(5) 
4 .3(6) 
4.4(7) 
4 .4(8) 
4 .4(9) 
4 .5(10) 
4 .5(11) 
4 .6(12) 
4 .6(13) 
4 .9(14) 
5.0(15) 
5.0(16) 
5.0(17) 
5.2(18) 
5.4(28) 
5.4(29) 
5.4(30) 
±0.68 
6.1 
19 
102 
L L S 3 
4.6(46) 
6.6 (115) 
6.5 (110) 
3.0(5) 
5.5(77) 
6.6 (116) 
4 .0(23) 
5.3(68) 
3.8(17) 
2.7(1) 
5.6(79) 
7.2(134) 
6.9(129) 
6.4(108) 
4 .6(44) 
5.1(64) 
2.9(2) 
3.2(7) 
3.1(6) 
3.8(18) 
3.5(13) 
±0.70 
5.4 
23 
103 
P o d 
y i e l d 
( t ha - 1 ) 
0 .94 
1.61 
1.78 
0.14 
1.06 
1.77 
1.12 
1.69 
0.35 
1.35 
0.98 
1.39 
1.53 
1.67 
1.39 
1.11 
1.34 
0.81 
0.99 
1.41 
0.77 
±0.134 
1.02 
24 
107 
E n t r y 
I C G 4995 
I C G 6330 
I C G 10756 
I C G 1707 
I C G ( F D R S ) 6 
I C G V 86643 
N C A c 17506 
I C G 6340 
I C G 2716 
I C G 7340 
I C G 7885 
I C G 4747 
I C G 10949 
2159 
C o n t r o l s 
28-206 
796 
47-16 
55-437 
T S 32-1 
I C G V 87123 
( l C G S 11) 
E L S 
5.6(35) 
5.6(36) 
5.6(37) 
5 .7(41) 
5.9(52) 
5.9(54) 
6.0(59) 
6.1(63) 
6.1(65) 
6.2(69) 
6.2(71) 
6.4(83) 
6.4(88) 
6.8(106) 
7.1(116) 
7 .4(127) 
7.4(128) 
7.7(132) 
7.8(135) 
8.3(144) 
±0.68 
6.1 
19 
102 
L L S 
3.9(21) 
3.3(10) 
3.9(19) 
3.0(4) 
3.8(16) 
3.0(3) 
3.6(14) 
3.5(11) 
3.5(12) 
3.9(20) 
3.3(9) 
3.3(8) 
3.7(15) 
3.9(22) 
7.1(127) 
6.2(100) 
6.0(91) 
8.9(144) 
8.3(142) 
7.8(139) 
±0.70 
5.4 
23 
103 
P o d 
y i e l d 
( t ha - 1 ) 
1.63 
0.60 
1.41 
1.30 
1.16 
0.63 
0.54 
0.67 
0.91 
0.94 
0.77 
1.09 
1.17 
0.51 
1.98 
1.42 
1.58 
1.57 
1.94 
1.36 
±0 .134 
1.02 
24 
107 
1 . 1 2 x 1 2 l a t t i c e w i t h t h r e e r e p l i c a t i o n s , p l o t s ize 3 .75 m 2 . 
2 . E a r l y l ea f s p o t s c o r e : 1 -9 , w h e r e 1 = n o d i sease , a n d 9 = 5 0 - 1 0 0 % f o l i a g e d e s t r o y e d ( r a n k e d f r o m l o w e s t t o h i g h e s t ) . 
3 . L a t e l e a f s p o t s c o r e : 1 9 , w h e r e 1 = n o d i sease , a n d 9 = 5 0 - 1 0 0 % f o l i a g e d e s t r o y e d . 
4 . N u m b e r s i n p a r e n t h e s e s a re r a n k i n g s o f t h e e n t r i e s . 
5 . R B D = R a n d o m i z e d - b l o c k d e s i g n . 
T a b l e 9 . P e r f o r m a n c e o f se lec ted l ines i n t h e F o u r t h I n t e r n a t i o n a l F o l i a r - D i s e a s e s R e s i s t a n c e 
G r o u n d n u t V a r i e t a l T r i a l ( I F D R G V T ) , B e n g o u , N i g e r , r a i n y s e a s o n 1 9 8 9 1 . 
E n t r y 
I C G V 87281 
I C G V 86600 
I C G V 86594 
I C G V 87240 
I C G V 87280 
I C G V 86659 
I C G V 86687 
I C G V 86699 
C o n t r o l s 
I C G V 87123 
( I C G S 11) 
28-206 
S E 
T r i a l m e a n 
(25 en t r ies ) 
C V (%) 
E f f i c i e n c y 
o v e r R B D 2 (%) 
D a y s t o 
ha rves t 
94 
94 
94 
94 
94 
94 
94 
93 
93 
107 
± 1 7 
99 
5 
105 
E a r l y lea f 
spo t score 
( 1 - 9 scale) 
7.7 
7.7 
7.7 
7.0 
7.3 
7.3 
6.0 
4 .0 
7.7 
6.3 
±0 .34 
7.1 
8 
< 1 0 0 
L a t e lea f 
spo t score 
( 1 - 9 scale) 
7.4 
8.1 
7.0 
6.4 
7.4 
5.5 
4.7 
3.9 
7.3 
7.0 
±0 .44 
6.7 
11 
111 
H a u l m 
y i e l d 
( t ha - 1 ) 
3.54 
4.03 
3.78 
4 .80 
3.43 
3.83 
4.88 
4.63 
2.47 
4 .45 
±0 .492 
4 .02 
21 
< 1 0 0 
P o d 
y i e l d 
( t h a - 1 ) 
2.81 
2.68 
2.54 
2.45 
2.29 
2.27 
1.48 
1.19 
2.66 
2.16 
±0 .146 
2.14 
12 
115 
S h e l l i n g 
(%) 
70 
73 
75 
73 
71 
66 
65 
59 
74 
71 
±3.6 
67 
9 
102 
100-seed 
mass (g) 
36 
34 
37 
30 
38 
32 
40 
4 1 
41 
39 
±2.2 
38 
10 
< 1 0 0 
1. 5 x 5 l a t t i c e w i t h t h r e e r e p l i c a t i o n s , p l o t s ize 8 m 2 . 
2 . R B D = R a n d o m i z e d - b l o c k d e s i g n . 
t r o l a t M a r a d i ( F i g . 9). O n l y I C G V 87123 
showed a h igh percentage of p lan t losses in a l l 
three loca t ions in the non t rea ted p lo ts . There 
was no s ign i f i can t d i f ference between the t w o 
fung ic ide- t rea ted p lo ts . 
t i o n . Levels of A. flavus i n f ec t i on in d i f fe ren t 
genotypes ranged f r o m 1.7 to 38.6%. F ive l ines 
( I C G s 1859, 1994, 10020, 10094, I C G 10933) had 
cons is tent ly l o w levels o f seed i n fec t i on ( < 2 % ) . 
These w i l l be f u r t h e r tested in the 1989/90 pos t -
r a i ny season to c o n f i r m the i r resistance. 
I n f l u e n c e o f S o i l T y p e o n A . flavus 
I n f e c t i o n o f S e e d s 
In the 1989 ra i ny season, we aga in car r ied ou t 
ra in fed t r ia ls on A l f i so ls and Ver t iso ls a t I C R I -
S A T Center o n A l f i so l s a t A n a n t a p u r , and o n 
Ver t i so ls a t P a r b h a n i ( M a h a r a s h t r a ) . Levels o f 
Screening for Resistance to Aspergillus 
flavus a t I C R I S A T Center 
In the 1988/89 pos t ra i ny season, we tested, f o r 
n a t u r a l seed in fec t i on by A. flavus and o ther 
f u n g i , 82 g e r m p l a s m l ines tha t had been sub-
jec ted to a so i l water def ic i t o f a p p r o x i m a t e l y 
7 6 % d u r i n g the last 84 - 1 3 7 days o f p o d m a t u r a -
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A. flavus i n fec t i on were s ign i f i can t l y (P= 0.05) 
h igher in seeds f r o m A l f i s o l f ie lds t h a n in seeds 
f r o m Ve r t i so l f ie lds. The A f lavus-resistant gen-
otypes ( A h 7223, J 11 , UF 71513, and P I 
337394F) had s ign i f i can t ly l ower levels of seeds 
in fected by A. flavus t h a n the susceptible geno­
types ( T M V 2 , J L 24, N C A c 17090, and E C 
76446 [292] ) in a l l t r ia ls . Howeve r , in general , the 
levels of seed i n fec t i on by A. flavus were l o w in 
a l l genotypes across a l l l oca t ions and so i l types. 
T h e l o w i n fec t i on levels were a t t r i bu ted to the 
l o w - t o - m o d e r a t e d r o u g h t stress d u r i n g p o d m a t ­
u r a t i o n . A f l a t o x i n c o n t a m i n a t i o n (3 -8 µg kg - 1 ) 
was f o u n d o n l y in a few samples o f NC Ac 17090 
and E C 76446 (292) f r o m A l f i s o l f i e l d s a t I C R I -
S A T Center . 
Figure 8. Plant losses from groundnut seedling diseases. Maradi, Niger, rainy season 1989. 
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Figure 9. Yield losses from groundnut seedling diseases. Maradi, Niger, rainy season 1989. 
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There were s ign i f i cant in te rac t ions between 
so i l types and genotypes, especial ly in the A. 
favus-suscept ib le genotypes, f o r seed in fec t i on 
by A. flavus and such o ther f u n g i as Fusarium 
spp, Macrophomina phaseolina, and Penicillium 
spp. 
S i g n i f i c a n t d i f f e r e n c e s w e r e a l so f o u n d 
between so i l types f o r soi l p o p u l a t i o n s of A. 
flavus, the numbers of v iab le propagules be ing 
m u c h l ower i n Ve r t i so l f ie lds t h a n i n A l f i s o l 
f ie lds t h r o u g h o u t the g r o w i n g season a t 1 C R I -
S A T Center . 
Research on A f l a t o x i n in West A f r i ca 
D u r i n g the 1989 ra i ny season, we tested 25 l ines, 
i n c l u d i n g ge rmp lasm, advanced A. f lavus-resis-
t an t b reed ing l ines, and some cu l t i vars f r o m 
West A f r i c a , a t three loca t ions (Sadore , B e n g o u , 
and M a r a d i ) in N iger . We tested seed co l lected 
f r o m f ie ld t r ia ls i n the l a b o r a t o r y to est imate 
seed c o n t a m i n a t i o n by A. flavus. We coun ted 
m o r e t h a n 5 0 % of seed in fec ted by A. flavus at 
Sadore . Average seed c o n t a m i n a t i o n depended 
on the l oca t i on ( 2 5 % at Sadore , 13% at Bengou , 
and 13% at M a r a d i ) (Tab le 10). We f o u n d s igni f ­
icant d i f ferences between genotypes. Cu l t i va r s 
55-437 and J 11 were the least c o n t a m i n a t e d 
l ines in a l l l oca t ions whereas o ther l ines such as 
I C G V 87108 showed h igh i n fec t i on levels a t 
Sadore and l o w levels a t M a r a d i . A m o n g the 
I C R I S A T - a d v a n c e d A. f lavus-resistant breed­
i ng l ines, I C G V s 87107, 87094, and 87110 were 
the least c o n t a m i n a t e d . P o d yields of a l l the l ines 
were h igher a t M a r a d i t h a n at Bengou and 
Sadore . C u l t i v a r 55-437 gave a reasonable y ie ld 
in a l l the three locat ions (Tab le 10). 
ed the presence o f several i m p o r t a n t c r o p -
d a m a g i n g nematode species (Tab le 11). T h e 
presence of Pratylenchus brachyurus in Ben in 
and N i g e r i a and of Scutellonema clathricauda-
tum in a l l three count r ies ind ica ted the need to 
m a p the d i s t r i b u t i o n o f these nematodes and to 
est imate the extent of c rop losses caused by 
t h e m . In ano the r survey in N ige r , Heterodera 
gambiensis was f o u n d on pear l m i l l e t roo ts in a 
g r o u n d n u t - p e a r l m i l l e t i n te rc ropped f ie ld i n 
M a r a d i . 
H o s t R a n g e S t u d i e s 
H o s t ranges of Scutellonema clathricaudatum 
and Xiphinema parasetariae were s tud ied in a 
nematode- in fes ted f ie ld a t Sadore , N iger . S i x t y 
D A S o f d i f fe ren t p l an t species, popu la t i ons o f 
S. clathricaudatum were f o u n d in the roo ts of 
p igeonpea (Cajanus cajan), g r o u n d n u t (Arachis 
hypogaea), m o t h bean (Vigna aconitifolia), m u n g 
bean (Vigna radiata), pear l m i l l e t (Pennisetum 
glaucum), b a m b a r a g r o u n d n u t (Vigna subter-
ranea) and maize (Zea mays). P o p u l a t i o n s of X. 
parasetariae were h igher in the rhizospheres of 
sesame (Sesamum indicum), sun f lower ( H e l i a n -
thus annum), s o r g h u m (Sorghum bicolor), Sty-
losanthes fruticosa, p igeonpea, and g r o u n d n u t . 
R o l e of Scutellonema clathricaudatum 
i n C r o p G r o w t h Var iab i l i ty 
A p o p u l a t i o n dens i ty of 1.3 i nd i v idua ls of S. 
clathricaudatum c m - 3 o f so i l caused s tun t i ng 
and reduced p lan t g r o w t h o f g r o u n d n u t cv 55-
437 i n p o t exper imen ts . I n the f i e l d , the n e m a ­
tode p o p u l a t i o n was greatest in patches s h o w i n g 
p o o r and s tunted p lan t g r o w t h . In some patches 
so i l f r o m a r o u n d the s tunted p lants had three 
t imes the n u m b e r o f nematodes t h a n d id soi l 
f r o m a r o u n d the apparen t l y hea l thy p lants . 
A p p l i c a t i o n o f c a r b o f u r a n 5G a t 8 kg a. i . h a - 1 
reduced the nematode p o p u l a t i o n and resul ted 
i n v i go rous and u n i f o r m p lan t g r o w t h . A p p l i c a -
t i o n o f ca rbendaz im d i d no t affect the nematode 
p o p u l a t i o n densi ty . 
N e m a t o d e P r o b l e m s 
Surveys 
We conduc ted surveys i n some g r o u n d n u t - p r o -
d u c i n g reg ions o f Ben in , B u r k i n a Faso, and 
N ige r i a to i den t i f y i m p o r t a n t nematode species 
associated w i t h the c rop . T h e surveys h i g h l i g h t -
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T a b l e 1 0 . S e e d i n f e s t a t i o n b y Aspergillus f l a v u s i n s o m e g r o u n d n u t g e n o t y p e s a t N i g e r , r a i n y season 
1 9 8 9 1 . 
E n t r y 
55-437 
J 11 
I C G V 87107 
A h 7223 
I C G V 87094 
I C G V 87110 
U 4 -47 -7 
I C G V 87084 
U F 71513-1 
I C G V 87109 
U 1-2-1 
I C G V 87106 
I C G V 87089 
I C G V 86174 
I C G V 87095 
I C G V 87112 
I C G V 87111 
I C G V 87141 
( I C G S 76) 
T S 32-1 
I C G V 87101 
F a i z p u r 
J L 24 
I C G V 87108 
28-206 
V a r 27 
S E 
T r i a l m e a n 
(25 ent r ies) 
C V ( % ) 
E f f i c i e n c y 
ove r R B D 3 (%) 
S a d o r e 
Seed i n fec ted 
(%) 
2.2 (8.6)2 
4 . 9 ( 1 3 . 0 ) 
6 . 2 ( 1 4 . 1 ) 
7.1 (16.0) 
7 . 1 ( 1 5 . 1 ) 
7.1 (15.4) 
7 . 6 ( 1 5 . 9 ) 
10 .2 (18 .5 ) 
10 .7 (19 .1 ) 
11 .1 (19 .1 ) 
1 1 . 1 ( 1 9 . 5 ) 
12 .4 (20 .1 ) 
12 .9 (20 .9 ) 
13 .3 (21 .1 ) 
15 .1 (22 .6 ) 
2 1 . 3 ( 2 7 . 7 ) 
23.6 (29.0) 
25.8 (30.8) 
2 6 . 2 ( 3 1 . 1 ) 
2 8 . 0 ( 3 1 . 3 ) 
28.4 (32.2) 
33.8 (35.8) 
48.9 (44.0) 
5 3 . 3 ( 4 7 . 1 ) 
63.6 (53.3) 
(±1.75) 
19.7 (24.9) 
(12 ) 
(103) 
P o d 
y i e l d 
( t ha - 1 ) 
1.51 
1.48 
1.41 
1.22 
1.43 
1.37 
1.30 
1.56 
1.81 
1.45 
1.18 
1.64 
1.32 
1.27 
1.35 
1.17 
1.32 
1.39 
1.41 
1.54 
1.44 
1.20 
1.34 
1.53 
0.91 
±0.153 
1.38 
19 
127 
B e n g o u 
Seed i n fec ted 
(%) 
1 .4 (6 .8) 
1 .8 (7 .4 ) 
2.2 (8 .6) 
2.7 (9.0) 
10 .5 (18 .8 ) 
4.7 (12.4) 
2.0 (8 .4) 
1 .5 (6 .9 ) 
1 .5 (6 .9) 
5 . 3 ( 1 3 . 0 ) 
3 . 4 ( 1 0 . 9 ) 
3 . 3 ( 1 0 . 8 ) 
6.5 (14.8) 
7 . 0 ( 1 5 . 2 ) 
3.2 (9 .8) 
4 . 4 ( 1 2 . 2 ) 
5 9 ( 1 4 . 0 ) 
1 3 . 7 ( 2 0 . 4 ) 
5.7 (13.5) 
14.3 (22.2) 
6 . 6 ( 1 4 . 8 ) 
8.3 (16.7) 
9 . 8 ( 1 8 . 2 ) 
6.0 (14.3) 
14.5 (22.4) 
(±1.30) 
5 . 8 ( 1 3 . 1 ) 
0 7 ) 
(103) 
P o d 
y ie ld 
( t h a - 1 ) 
1.44 
1.34 
1.29 
1.15 
1.34 
1.30 
1.10 
0.95 
1.15 
1.08 
1.22 
1.13 
1.46 
1.52 
1.78 
1.34 
0.92 
1.55 
1.59 
1.08 
1.47 
1.59 
1.22 
1.97 
0.95 
±0.107 
1.31 
14 
123 
M a r a d i 
Seed in fec ted 
(%) 
0.0 (0.0) 
0.9 (4.4) 
4.0 (11.4) 
0.9 (4.4) 
1 .8(7 .6) 
4 . 9 ( 1 2 . 6 ) 
2.2 (8.5) 
1 .3 (6 .6 ) 
0.9 (4.4) 
16 .0 (23 .5 ) 
8 . 4 ( 1 6 . 8 ) 
6 . 7 ( 1 4 . 9 ) 
6 . 7 ( 1 4 . 9 ) 
2.2 (8.5) 
12 .0 (20 .2 ) 
1 .3 (5 .3 ) 
3 . 1 ( 1 0 . 1 ) 
4 . 4 ( 1 2 . 1 ) 
6.7 (14.9) 
0.9 (4 .4) 
6 . 7 ( 1 4 . 9 ) 
2 2 . 7 ( 2 8 . 1 ) 
2.2 ( 8.3) 
12 .9 (20 .8 ) 
4 4 . 4 ( 4 1 . 8 ) 
(±1.78) 
6.9 (12.8) 
(24 ) 
( < 1 0 0 ) 
P o d 
y ie ld 
( t h a - 1 ) 
2.39 
2.81 
2.10 
2.36 
1.52 
1.99 
2.09 
1.90 
2.92 
2.07 
2.07 
2.36 
2.27 
2.19 
2.13 
2.47 
1.91 
1.71 
2.14 
2.03 
2.60 
2.75 
1.96 
2.02 
2.01 
±0.258 
2.19 
20 
144 
1. 5 x 5 l a t t i c e w i t h t h r e e r e p l i c a t i o n s , p l o t s ize 8 m 2 . 
2 . F i g u r e s i n p a r e n t h e s e s a r e a r c s i n e - t r a n s f o r m e d v a l u e s . 
3 . R B D = R a n d o m i z e d - b l o c k d e s i g n . 
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T a b l e 1 1 . L i s t o f s o m e i m p o r t a n t n e m a t o d e species f o u n d a s s o c i a t e d w i t h g r o u n d n u t i n d i f f e r e n t 
r e g i o n s o f B e n i n , B u r k i n a F a s o , a n d N i g e r i a , 1 9 8 9 . 
C o u n t r y / R e g i o n 
B e n i n 
B a o u 
B a m b e r e k a 
D a d e h 
I n a 
K a n d i 
M a l a n v i l l e 
N i a o u l i 
B u r k i n a F a s o 
B a n f o r a 
D e n g o u i n d o n g o u 
F a d a 
H o u n d e 
L i n o g h i n 
N i g e r i a 
K a d u n a 
K a t s i n a 
Z a r i a 
N e m a t o d e species 
Ditylenchus sp , Helicotylenchus dihystera 
Helicotylenchus sp , Scutcllonema clathricaudatum, Scutellonema sp, Xiphinema 
parasetariae 
S. clathricaudatum, Scutellonema sp 
Aphelenchoides, Ditylenchus sp , Helicotylenchus sp , Hoplolaimus pararobustus, 
Scutellonema sp , Pratylenchus sp 
Aphelenchoides, Helicotylenchus sp , H. pararobustus, S. clathricaudatum, 
Scutellonema sp , Pratylenchus brachyurus, Pratylenchus sp , X. parasetariae 
H. dihystera, X. parasetariae, Pratylenchus sp 
Criconemoides sp , Ditylenchus sp , P. brachyurus, Scutellonema sp , Xiphinema sp 
H. dihystera, H. pararobustus, S. clathricaudatum, Scutellonema sp, Pratylenchus sp 
Ditylenchus sp , Helicotylenchus sp , Hemicaloosia paradoxa, Hemicycliophora sp , 
Rotylenchulus parvus, S. clathricaudatum, Scutellonema sp , Triversus annulatus 
Aphelenchoides sp , S. clathricaudatum, Scutellonema sp , Pratylenchus sp , Triversus 
annulatus 
Aphelenchoides sp , Helicotylenchus sp , Pratylenchus sp 
Ditylenchus sp , Helicotylenchus sp , Hoplolaimus sp , Pratylenchus sp 
Aphelenchoides sp , Helicotylenchus sp , Criconemoides, sp , Scutellonema sp , 
Tylenchoryhnchus sp , a n d Pratylenchus sp , Xiphinema sp 
Aphelenchoides sp , Helicotylenchus sp , Criconemoides sp , Pratylenchus delattrei, 
P. brachyurus, Scutellonema sp 
Aphelenchoides arachidis, Helicotylenchus sp , Criconemoides sp , Hoplolaimus sp , 
P. delattrei, P. brachyurus, Tylenchoryhnchus sp , Rotylenchulus sp , Scutellonema sp 
T o m a t o S p o t t e d W i l t V i r u s a n d B u d 
N e c r o s i s D i s e a s e 
V i r u s D i s e a s e s 
A l t h o u g h the techniques f o r p u r i f y i n g T S W V 
have i m p r o v e d over the years, i t has s t i l l been 
necessary to f i n d a way o f r e m o v i n g re la t ive ly 
large pieces o f cel l m e m b r a n e f r o m the p repara ­
t ions . Th is was f i na l l y done by l o w speed c l a r i f i ­
c a t i o n , concen t ra t ions at 14000 g f o l l o w e d by 
ra te , and q u a s i - e q u i l i b r i u m zona l cen t r i f uga t i on 
in sucrose so lu t ions ( F i g . 10). 
W e have demons t ra ted t ha t the I n d i a n T S W V 
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isolate is sero log ica l ly d is t inc t f r o m isolates 
ob ta ined f r o m those col lected f r o m o ther A s i a n 
count r ies and U S A ( I C R I S A T A n n u a l Repo r t 
1988, p . 123). An t i se ra f r o m the Nether lands and 
A u s t r a l i a also fa i led to react pos i t ive ly w i t h the 
I n d i a n T S W V isolate i n the E n z y m e - L i n k e d 
I m m u n o s o r b e n t Assay ( E L I S A ) tests. Pu r i f i ed 
T S W V analyzed by po l yac ry lam ide gel e lect ro­
phoresis was shown to con ta i n f ive m a j o r po l y ­
pept ides. In the e lec t rob lo t immunoassay (west­
e rn b lo ts , u t i l i z i ng h igh l y sensit ive detec t ion 
me thods as descr ibed in the sect ion on "E lec ­
t r o b l o t i m m u n o a s s a y " i n th is repor t ) , a l l f ive 
po lypept ides reacted w i t h homo logous ant ise­
r u m , and on l y one po lypep t ide reacted w i t h f ive 
hetero logous ant isera. 
A m o n g th r ips col lected f r o m g r o u n d n u t f ie lds, 
species repor ted to be vectors of T S W V (Frank-
liniella schultzei, Thrips palmi, and Scirtothrips 
dorsalis) were present. They are cu r ren t l y being 
tested f o r the i r ab i l i t y t o t ransmi t T S W V . 
Peanut C l u m p Virus 
P u r i f i e d I n d i a n P C V ( I - P C V ) was used f o r 
ex t r ac t i ng r ibonuc le ic ac id ( R N A ) . Va r i ous 
clones prepared f o r R N A s , w h i c h can hybr id i ze 
w i t h R N A s o f several P C V isolates, have been 
iden t i f i ed . 
Transmission 
We f o u n d I - P C V to be seed-t ransmit ted in pear l 
m i l l e t bu t no t i n so rghum. We have shown tha t 
the p lasmod iophoraceous fungus , Polymyxa 
graminis, w h i c h is cons is tent ly present in roo ts 
o f in fec ted p lan ts , can t r ansm i t 1-PCV. Soakates 
f r o m roo ts o f infected p lants con ta in i ng rest ing 
spores of P. graminis, w h i c h con ta i n t yp ica l 
zoospores of P. graminis ( F i g . 11), t r ansmi t ted 
the v i r us ; roo ts con ta i n i ng rest ing spores of P. 
graminis t r ansmi t t ed the v i rus when i n c o r p o ­
ra ted i n t o steri le soi l af ter storage f o r 2 years. 
Figure 10. Purified preparation of tomato spotted 
wilt virus particles (bar represents 150 nm). 
G r o u n d n u t Rosette V i rus 
I n r o u t i n e greenhouse i nocu la t i ons o f G R V , w e 
have so fa r r ou t i ne l y used as the i nocu la t i on 
u n i t , 5 -10 v i ru l i f e rous apterous aphids (Aphis 
craccivora) reared on G R V - i n f e c t e d p lan ts . 
We have used, t h r o u g h o u t , ou r s tandard G R V 
c u l t u r e , establ ished f r o m a f ie ld i n fec t i on at 
Chi tedze in 1984. 
I n r o u t i n e greenhouse inocu la t ions made 
before the star t o f the 1988/89 ra iny season, we 
recorded unexpected ly h i gh numbers o f suscept­
ib le p lants in the resistant variet ies RG 1 and 
R M P 40. To exc lude the poss ib i l i t y of a change 
in v i ru lence in ou r s tandard cu l tu re , we col lected 
t w o G R V isolates f r o m the Pha lombe and 
M u l a n j e d is t r i c ts , over 300 km to the sou th o f 
Ch i tedze , and tested resistance in RG 1 against 
these new cu l tures . N i n e p lants ou t o f the 34 
i nocu la ted w i t h the P h a l o m b e isolate and 41 ou t 
o f the 113 inocu la ted w i t h the M u l a n j e isolate 
became in fec ted , i nd i ca t i ng tha t some fac to r o r 
fac tors o ther t h a n G R V v i ru lence were i nvo l ved . 
T h e recessive genes gove rn ing resistance do 
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Figure 11. A zoosporangium of Polymyxa graminis. 
Note flagella of unequal size (bar represents 11 µm). 
no t con fer i m m u n i t y t o G R V . Resistant p lants 
g ra f ted to in fec ted suscept ib le scions deve lop 
s y m p t o m s o f rosette. There are repor ts o f the 
b r e a k d o w n o f resistance under cond i t i ons o f 
h igh i n o c u l u m pressure. 
I n o u r 1988/89 G R V screening nursery , w e 
generated an inc idence o f over 9 0 % in suscept i­
ble test l ines; o n l y 50 o u t o f 2440 RG 1 p lants 
(2%) exposed to th is pressure deve loped s y m p ­
t o m s . In a d d i t i o n to RG 1 , we screened 12 
advanced F 6 GRV- res i s t an t b reed ing l ines; and 
o n l y one p l an t o u t o f the 558 tha t were exposed 
became in fec ted . The re fo re , there seems to be no 
m a r k e d change in the excel lence o f the recessive 
resistance under f ie ld c o n d i t i o n s , even w h e n 
i n o c u l u m pressure is h i gh . 
We are n o w e x a m i n i n g o u r greenhouse i n o c u ­
l a t i o n procedures i n r e l a t i on t o numbers o f 
in fec t i ve aph ids used to test each p lan t and in 
r e l a t i on to the possible effects o f h i gh green­
house tempera tu re . O u r p r e l i m i n a r y results sug­
Peanut Str ipe V i rus 
I n c o o p e r a t i o n w i t h the A u s t r a l i a n Cent re f o r 
I n t e r n a t i o n a l A g r i c u l t u r a l Research ( A C I A R ) , 
the M o r o s Research Ins t i t u te f o r F o o d Crops 
( M O R I F ) , and the M a l a n g Research Ins t i t u te 
f o r F o o d C r o p s ( M A R I F ) , I n d o n e s i a , w e 
screened g r o u n d n u t genotypes f o r resistance to 
P S t V . A t M u n e n g (near M a l a n g ) , 1352 entr ies, 
10% o f w h i c h were in terspeci f ic der ivat ives, and 
a t M o r o s , 1304 entr ies, 6 0 % o f w h i c h were 
in terspec i f ic der ivat ives, were tested. Inc idence 
o f P S t V a t b o t h places exceeded 9 0 % in suscept­
ib le c o n t r o l cu l t i vars . The m a j o r i t y o f test entr ies 
were suscept ib le. T w o genotypes, I C G 11710 
and I C G V 88249, had m i l d s y m p t o m s a t M o r o s , 
and in terspec i f ic der ivat ives 85 /165-19 , 8 5 / 1 6 6 -
4 , 8 5 / 1 7 2 - 1 , and 1093-2 were s l igh t ly affected in 
M u n e n g . I n a d d i t i o n , I C G 4806, I C G V 8 7 8 6 / 7 , 
and I C G V 8825 /9 had less t h a n 3 0 % in fec t i on 
w h e n adjacent test l ines were a l l in fec ted. 
Twen ty -n ine genotypes were ei ther no t infected 
or were l i g h t l y in fec ted in the 1988 test series. 
T h e y were mechan ica l l y i nocu la ted w i t h P S t V 
isolates o c c u r r i n g i n I n d i a and Indones ia and 
f o u n d to be suscept ible. In terspeci f ic der ivat ives 
476 -10 ,478 -3 ,83 /147 -3 -61 , and 83/372-5-10 had 
m i l d s y m p t o m s and w i l l be tested f o r to lerance 
t o P S t V . 
gest t ha t resistance is ove rcome by the effects of 
s imul taneous i nocu la t i on by compara t i ve l y large 
numbers o f aph ids. 
Peanut M o t t l e V i rus 
Resistance Screening 
In the 1988/89 pos t ra iny and 1989 ra iny seasons, 
we screened 436 genotypes f o r resistance to pea­
n u t m o t t l e v i rus ( P M V ) . T h i r t y - n i n e w i l d Ara-
chis species, g r o w n in a greenhouse, were tested 
f o r resistance to P M V by mechan ica l sap i n o c u ­
la t i ons . O n l y 5% o f I C G s 8164, 8956, 11562, and 
12168 were in fec ted , whereas susceptible geno­
types showed more t h a n 9 0 % in fec t i on . 
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r e a c t i o n w i t h spec i f i c a n t i b o d i e s u t i l i z i n g 
E L I S A . We f o u n d tha t an inexpensive d r ied 
m i l k powder " E v e r y D a y " ® cou ld be used to 
b l ock sites on membranes, no t occup ied by po l y ­
pept ides. A m o n g var ious substrates used we 
f o u n d A u r o p r o b e B L Plus® and In tenSE B L 
I m m u n o g o l d ® f o r a lka l ine phosphatase and 3 , 
3, 5, 5 te t ramethy l benzid ine and H 2 O 2 f o r ho r -
seradish peroxidase-detected p i cog ram q u a n t i -
t ies o f v i r a l po lypept ides . We have used th is 
techn ique to determine sero logica l re la t ionships 
o f T S W V and ye l low spot viruses. 
T h e P r o b l e m o f C r o p G r o w t h 
Var iab i l i ty in West A f r i ca 
D u r i n g 1989, ou r invest igat ions c lear ly ind icated 
tha t P C V , a m o n g other agents, i nc l ud ing nema­
todes, p lays a very i m p o r t a n t ro le in causing 
c r o p g r o w t h v a r i a b i l i t y ( 1 C R I S A T A n n u a l 
R e p o r t s 1987 p. 265 and 1988, p. 150) at the I S C 
F a r m a t Sadore. In the s tudy o f the host range o f 
P C V ( i n c o l l a b o r a t i o n w i t h the I ns t i t u t f rancais 
de recherche sc ient i f ique p o u r le deve loppement 
e n coope ra t i on [ O R S T O M ] , I R H O , and I C R I -
S AT Center ) , we f o u n d tha t P C V has a w ide host 
range. A m o n g those tested, on l y sun f lower d i d 
no t c o n t a i n the P C V ant igen. Th is f i n d i n g m a y 
have some imp l i ca t i ons f o r the c r o p p i n g systems 
and seed d i s t r i b u t i o n in the West A f r i c a n Sem i -
A r i d T rop i cs ( W A S A T ) as the level o f P C V was 
p a r t i c u l a r l y h i g h in cereals, especial ly pear l 
m i l l e t . 
Screening for Resistance 
to Crop Growth Variabil i ty 
G r o u n d n u t genotypes tha t were f o u n d to be 
resistant to c rop g r o w t h va r i ab i l i t y in 1987 
showed considerable va r i ab i l i t y in 1988. Th i s is 
m a i n l y because the poss ib i l i t y of escape is very 
h i gh i n f ie lds s h o w i n g c r o p g r o w t h va r iab i l i t y . 
An a t tempt was made to s tandard ize a f ie ld 
screening techn ique fo r eva lua t i on o f g r o u n d n u t 
genotypes f o r the i r reac t ion to the c rop g r o w t h 
v a r i a b i l i t y p r o b l e m in a f ie ld infested w i t h p lan t -
Techniques 
Electroblot Immunoassay (Western Blot 
Technique) 
T h e western b l o t techn ique , w h i c h invo lves the 
separa t ion o f po lypept ides by po l yac ry l am ide 
gel e lect rophores is and the i r t ransfer on to n i t r o ­
cel lu lose o r n y l o n membranes by e lec t rophore ­
sis, is n o w w ide ly used f o r de te rm in i ng sero log i ­
ca l re la t ionsh ips a m o n g viruses. Po lypept ides 
i m m o b i l i z e d on membranes are detected by 
Peanut Chlorotic M i l d Mottle Virus 
( P C M M V ) 
Leaf le ts ca r r y i ng a disease of g r o u n d n u t charac­
ter ized by ve in-c lear ing f o l l o w e d by ch lo ro t i c 
m i l d m o t t l e were co l lected a t several places in 
N o r t h I n d i a . The disease was s h o w n to be caused 
by a wh i t e f l y (Bemisia tabac i ) - t ransmi t ted car-
lav i rus cal led P C M M V . A l t h o u g h the v i rus i s 
sero log ica l ly re lated to cowpea m i l d mo t t l e v i rus 
( C M M V ) ( I C R I S A T A n n u a l Repo r t 1979/80, 
p. 149), i t can be d is t ingu ished by its host range 
and phys icochemica l proper t ies . 
We iden t i f i ed Sonchus oleraceus, a c o m m o n l y 
o c c u r r i n g compos i te weed o f d is tu rbed g r o u n d , 
as a f u r t h e r f ie ld host o f G S N D in sou thern 
A f r i c a . A second aph id species, tenta t ive ly i d e n -
t i f i ed as Myzus persicae, of w h i c h S. oleraceus is 
a f i e ld hos t , m a y be ano ther vector . S y m p t o m s 
of the S. oleraceus v i rus in g r o u n d n u t are d is ­
s im i l a r to those induced by the Tridax procum-
bens v i r us , suggest ing tha t G S N D occurs in a t 
least t w o stra ins. 
S u r v e y s c a r r i e d o u t i n c o o p e r a t i o n w i t h 
sc ien t is ts o f the N a t i o n a l B u r e a u o f P l a n t 
Gene t i c Resources ( N B P G R ) o n g r o u n d n u t 
c rops raised in va r ious research s ta t ions in I n d i a 
revealed tha t P S t V was present i n t w o loca t ions . 
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paras i t i c nematodes and P C V . F o r t y - n i n e test 
entr ies were repl icated e ight t imes. Test p lo ts 
and suscept ib le con t ro l s were a r ranged in such a 
way tha t each sma l l p lo t (0.5 m2 ) of a test en t ry 
was su r rounded by f o u r c o n t r o l p lo ts . 
Test and c o n t r o l p lo ts were v i sua l l y scored f o r 
v a r i a b i l i t y i n c rop g r o w t h . O n l y three l ines 
showed less t h a n 2 0 % P C V inc idence, I C G V 
86600 (15%±10%) , I C G 10964 ( 1 6 % ± 10%), and 
I C G 1697 ( 1 8 % ± 10%). I C G ( F D R S ) 41 showed 
u n i f o r m g r o w t h and 2 2 % ± 1 0 % o f p lan ts were 
pos i t i ve f o r P C V as against 6 5 % ± 1 0 % f o r the 
c o n t r o l , 55-437. These l ines w i l l be f u r t he r tested 
t o c o n f i r m the s tab i l i t y o f t he i r to le rance t o c r o p 
g r o w t h va r i ab i l i t y . 
and at harvest . R o o t samples were col lected 
three t imes d u r i n g the c r o p - g r o w i n g pe r i od . I r r i ­
g a t i o n d u r i n g the summer f a l l o w d i d n o t appear 
t o af fect the nematode p o p u l a t i o n . The p r e d o m ­
inan t nematode was S. clathricaudatum (Tab le 
12). D u r i n g the c rop g r o w t h p e r i o d , nematode 
p o p u l a t i o n densit ies were lowest in the ca rbo -
fu ran- t rea ted p lo ts . S tun ted p lants had up to 
three t imes the dens i ty of S. clathricaudatum in 
the roo ts t h a n d i d hea l thy p lants . 
We co l lected so i l samples in b u l k f r o m an area 
o f c r o p s h o w i n g very s tunted g r o w t h , and f r o m 
an area w i t h apparen t l y hea l thy c rop g r o w t h and 
f r o m f ie lds w i t h d i f f e ren t densit ies of S. clathri-
caudatum. C u l t i v a r 55-437 was g r o w n in pots 
c o n t a i n i n g these soils and p lants were harvested 
50 days af ter g e r m i n a t i o n . T h e soils were also 
analyzed f o r ava i lab le a l u m i n u m , t o t a l N , P , 
o rgan ic ma t te r , and f o r p H . P lan t g r o w t h was 
s ign i f i can t l y less t h a n the autoc laved c o n t r o l in 
pots h a v i n g an in fes ta t ion level of 1.3 S. clathri-
caudatum c m 3 o f soi l a t sow ing t ime . The p lan t 
g r o w t h was s ign i f i can t l y reduced in po ts hav ing 
a l o w p o p u l a t i o n of S. clathricaudatum (0.1 
nematode c m - 3 of soi l ) bu t a h igher A l 3 + + H+ 
concen t ra t i on (0.55 m e q 100 g - 1 o f so i l ) . 
Nematode Populat ion Densities and Growth 
and Yield of Groundnut 
A f ie ld a t I S C tha t exh ib i t ed severe c rop g r o w t h 
v a r i a b i l i t y in 1988 was selected f o r s tudy ing the 
re la t i onsh ip between the p o p u l a t i o n densit ies o f 
p lan t -pa ras i t i c nematode , c r o p g r o w t h v a r i a b i l ­
i t y , and g r o w t h and y ie ld o f g r o u n d n u t . 
S o i l samples were co l lected a t the t ime o f sow­
i n g , f o u r t imes d u r i n g the c r o p g r o w t h p e r i o d , 
T a b l e 1 2 . C h a n g e s i n p o p u l a t i o n d e n s i t i e s o f p l a n t - p a r a s i t i c n e m a t o d e s i n so i l d u r i n g t h e c r o p g r o w t h 
p e r i o d o f g r o u n d n u t , S a d o r e , N i g e r , r a i n y s e a s o n 1 9 8 9 1 . 
S a m p l i n g dates 
11 J u n 1989 
6 J u l 1989 
21 J u l 1989 
22 A u g 1989 
22 Sep 1989 
S E 
C V (%) 
N e m a t o d e p o p u l a t i o n densi t ies 100 c m - 3 s o i l 
S C 2 
69.2(1.84)3 
52.5(1 .72) 
28 .8(1 .46) 
26 .3(1 .42) 
21 .9(1 .34) 
(±0 .08) 
(10) 
X P 
4 .2(0 .62) 
10.5(1.02) 
19.5(1.29) 
31.6(1 .50) 
20 .9(1 .32) 
(±0 .10) 
(18) 
T1 
13.8(1.14) 
9 .8(0.99) 
12.6(1.10) 
10.5(1.02) 
4 .7 (0 .67) 
(±0 .10) 
(28) 
T O T 
109.6(2.04) 
102.3(2.01) 
56.2(1 .75) 
97.7(1 .99) 
72.1(1 .86) 
(±0 .07) 
(7 ) 
1. Randomized-block design w i th four replications; p lo t size 16 m 2 ; groundnut cul t ivar 55-437. 
2. SC = Scutellonema clathricaudatum; XP = Xiphinema parasctariae, 
TI = Telotylenchus indicus; T O T = Sum of all parasitic nematode populat ions. 
3. Numbers in parentheses are log (x+1)- transformed values. 
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Vertical Distr ibution of Plant 
Parasitic Nematodes 
Scutellonema clathricaudatum, Xiphinema 
parasetariae, and T. indicus were the d o m i n a n t 
nematode species present in these f ie lds. Helico-
tylenchus sp and Pratylenchus sp were present 
i n l o w numbers . A t the t ime o f sow ing , the great­
est p o p u l a t i o n densit ies of a l l the nematodes 
were f o u n d in the 0 -15 cm soi l d e p t h . I t seems 
p robab le t ha t the p o p u l a t i o n of 5 . clathricauda-
tum does n o t m ig ra te d o w n w a r d s very m u c h 
d u r i n g the summer f a l l o w bu t aestivates by-
en te r ing a phase of anhydrob ios is . 
Insect Pests 
Pest Incidence a t I C R I S A T Center 
D u r i n g the 1988/89 pos t ra iny season, there was 
a mos t unusua l ou tb reak of aph ids (Aphis crac-
civora). T h i s is regarded as a m a r k e d change in 
the e p i d e m i o l o g y o f th is species. By the f i rs t 
week o f M a r c h , the i r dens i ty was 15-20 per ter­
m i n a l . Th i s was r ap i d l y reduced by ra in fa l l d u r ­
i ng the f o l l o w i n g week b u t n o t before the i r d a m ­
age c a u s e d c o n c e r n . T h e t h r i p s ( m a i n l y 
Frankliniella schultzei) p o p u l a t i o n was at i ts 
peak d u r i n g the second f o r t n i g h t o f F e b r u a r y , 
w i t h e ight t h r i ps per t e r m i n a l and a resu l tant 
mean damage level o f 12 leaves per p lan t . A b o u t 
8% of the leaflets o f susceptible genotypes had 
jass id (Empoasca kerri) damage by the end of 
M a r c h . T h e g r o u n d n u t l ea f m i n e r ( G L M ) 
(Aproaerema modicella) p o p u l a t i o n remained 
l o w d u r i n g the who le season ( < 1 l a r va p lan t - 1 ) 
and never approached pest status. Spodoptera 
litura a n d Helicoverpa armigera a c t i v i t y re ­
sul ted i n on l y 2 % d e f o l i a t i o n i n nonpro tec ted 
p lo ts , c o m p a r e d w i t h 3% de fo l i a t i on i n p lo ts tha t 
had been t reated w i t h insecticides. 
D u r i n g the ra iny season, a re la t ive ly h i g h i n c i ­
dence o f G L M d u r i n g its second genera t ion gave 
us the o p p o r t u n i t y to screen the A l l I n d i a C o o r -
dinated Research Project on Oilseeds ( A I C O R P O ) 
entr ies and o the r ma te r i a l f o r resistance to th is 
pest. The second generat ion was at its peak in the 
f i r s t week o f September w i t h 4 8 % damaged leaf­
lets and 31 l ive larvae per p lan t in nonres is tant 
l ines. T h e p o p u l a t i o n d w i n d l e d to one la rva per 
p l an t in Oc tober . O the r insects were o f no 
apparent consequence. 
Incidence of Beneficial Insects 
a t I C R I S A T Center 
General Observations 
D u r i n g the 1988/89 pos t ra iny season, we f o u n d 
t ha t 4 8 % o f the G L M larvae were paras i t i zed, 
m o s t l y by a b racon id wasp (Chelonus sp). Th is 
u n d o u b t e d l y c o n t r i b u t e d t o the l o w inc idence o f 
G L M d u r i n g the who le season. 
I n the ra iny season, la rva l paras i t i sm o f G L M 
was less t h a n 10% on the g r o u n d n u t p lants o f the 
in tegra ted pest managemnt exper iment c o m ­
pared to > 2 0 % on the soybean in festor rows tha t 
were sown between the p lo ts . The g r o u n d n u t leaf 
m ine r prefers soybean (Glycine max ( L . ) Me r r . ) 
to g r o u n d n u t . A l t h o u g h the di f ference is no t tha t 
great , i t may have been suf f ic ient to concent ra te 
the searching ac t iv i ty of the parasi te wasps 
where the i r host densi ty was highest. Howeve r , 
there is also the poss ib i l i t y tha t the parasites are 
repel led by g r o u n d n u t p lants o r a t t rac ted by 
soybean p lan ts . Th i s leads to the suggest ion tha t 
t h e e f fec t o f i n t e r c r o p p i n g g r o u n d n u t and 
soybean on G L M paras i t i sm levels shou ld be 
invest igated. 
We have cons is tent ly f o u n d t ha t there is less 
leaf damage a t t r i bu tab le to de fo l ia to rs l ike Spo-
doptera litura and Helicoverpa armigera in 
p lo ts and f ie lds tha t have no t been sprayed w i t h 
insect ic ide t han in sprayed areas. Th is observa­
t i o n was f o l l o w e d up in the 1989 ra iny season. 
A d j a c e n t p lo ts in the same f ie ld were sampled 
w i t h D e V a c t o compare the p reda to r p o p u l a t i o n 
in areas t ha t had been t reated w i t h insect ic ide 
w i t h those tha t had no t been t reated. T h e p o p u ­
l a t i o n o f spiders and cocc ine l l ids , a l t h o u g h no t 
h i g h , was denser where insect ic ides had n o t been 
app l ied (Tab le 13). 
Special Study of G L M Parasitism and Disease 
Levels at I C R I S A T Center 
A 2-year s tudy o f G L M , w h i c h inc luded a 
de ta i led e x a m i n a t i o n o f its parasites and d is ­
eases, was comp le ted in 1989. O u t o f the 40 or so 
parasi te species tha t have been associated w i t h 
th is hos t , 17 were col lected f r o m the I C R I S A T 
Cente r f a r m . H o w e v e r , th is s tudy made i t c lear 
t h a t no t a l l these species are benef ic ia l to fa rmers 
because a b o u t ha l f are secondary paras i tes— 
w h i c h means they are parasi tes o f the parasi tes. 
In fac t , f o u r m o r e secondary parasi te species 
were added to the l ist in th is 2-year p e r i o d , 
toge ther w i t h one m o r e p r i m a r y parasi te species. 
T h e e u l o p h i d s (Stenomesius japonicus a n d 
Sympiesis dolichogaster) were the p r e d o m i n a n t 
p r i m a r y parasi tes. T h e la t te r a t tacked m o r e t h a n 
5 0 % o f the G L M ca terp i l l a rs a t the s tar t o f the 
1988 ra iny season. The rate of m o r t a l i t y caused 
by the f u n g a l and v i r a l pathogens increased as 
the season progressed, accoun t i ng f o r 2 0 - 3 0 % o f 
the larvae in the f o u r t h genera t ion . There is 
scope f o r f u r t h e r research on the p o p u l a t i o n 
dynamics of th is species because: 
between f ive and 4 0 % o f the m o r t a l i t y t ha t 
was detected was caused by fac tors o ther t h a n 
pa ras i t es a n d diseases. T h i s p r e s u m a b l y 
i nc l uded p r e d a t i o n and unspec i f ied phys ica l 
f ac to rs , such as des iccat ion and the fa i l u re of 
ca terp i l la rs to establ ish a feed ing site. 
the c o m p l e x i t y o f the po ten t i a l in te rac t ions 
Model ing the Plant-Defol iator 
( G L M ) - N a t u r a l Enemy System 
T h e parasi te s tudy descr ibed above indicates 
t h a t the l i fe system o f G L M i s c o m p l e x . A m o d e l 
o f th is system tha t s imulates the f l o w o f energy 
( d r y ma t te r ) f r o m the p lan t to the parasites has 
been c o n s t r u c t e d . A l t h o u g h f u r t h e r m o d e l 
deve lopment and da ta co l l ec t i on are requ i red , 
we hope tha t we shal l be able to use i t to he lp 
solve some o f the p rob lems presented b y G L M . 
F o r ins tance, a l t h o u g h we have measured the 
q u a n t i t y o f leaf ma te r ia l a G L M ca te rp i l l a r eats 
d u r i n g its deve lopment p e r i o d , th is parameter , 
expanded to s imulate the feeding ac t i v i t y o f a 
f ie ld p o p u l a t i o n , w i l l n o t be d i rec t l y re lated to 
the loss in pho tosyn the t i c t issue. Th i s is because 
c o m b i n e d effects o f the d i s t o r t i o n o f the leaves 
caused by the feed ing lesions and the w e b b i n g 
toge ther of leaves have, as yet , an unde f i ned 
effect on the leaf area i ndex . T h e m o d e l w i l l be 
app l ied to def ine the levels o f hos t -p lan t resis­
tance needed in cu l t ivars dest ined f o r ' ho t -spo ts ' 
between la rva l densi ty ( i nc l ud i ng the i n f l u ­
ence o f the host genotype) , levels o f p r i m a r y 
and secondary paras i t i sm and the in f luence o f 
insect ic ides on the system p o i n t to the need 
f o r compu te r s i m u l a t i o n studies, 
there m a y be scope to exp lo i t the pathogens o f 
th is species w h i c h have n o t p rev ious ly been 
a l luded to in scient i f ic l i te ra tu re . 
T a b l e 1 3 . C o m p a r i s o n o f p r e d a t o r p o p u l a t i o n d e n s i t i e s i n s p r a y e d a n d n o n s p r a y e d a r e a s a t I C R I S A T 
C e n t e r , r a i n y s e a s o n 1 9 8 9 . 
F i e l d 
c o n d i t i o n 
S p r a y e d f i e l d 
N o n s p r a y e d f i e l d 
S E 
M e a n sp ider 1 
d e n s i t y 
0 .3(0.2) 
4 .6(1 .6) 
(±0 .1) 
M e a n C o c c i n e l l i d 1 
d e n s i t y 
0.22(0.14) 
1 .0 (0 .57 ) 
(±0 .17) 
M e a n d e f o l i a t o r 2 
dens i t y 
0 .23(2.23) 
0 .93(0.49) 
(±0 .08) 
1 . T h e s a m p l e u n i t w a s a b e d o f 100 m ; t h e r e w e r e 1 0 s u c h s a m p l e s . T h e i n s e c t s w e r e c a u g h t w i t h a D e V a c c o l l e c t o r . 
P a r e n t h e s i z e d d a t a a r e l o g ( n + 1 ) t r a n s f o r m a t i o n s . 
2 . E a c h s a m p l e w a s a 1-m r o w a n d a m e a n o f 4 0 s a m p l e s . 
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T a b l e 1 4 . G r o u n d n u t l e a f m i n e r s c r e e n i n g u n d e r g r e e n h o u s e c o n d i t i o n s u s i n g a r t i f i c i a l p o p u l a t i o n 1 a t 
I C R I S A T C e n t e r , r a i n y s e a s o n 1 9 8 9 . 
E n t r y 2 
I C G 221 
I C G S 2271 
l C G V 87123 ( I C G S 11) 
I C G V 86011 
I C G ( F D R S ) 1 0 
Z M B 2087 
S E 
M e a n n u m b e r 3 
o f t o t a l m ines 
6 .1 
5.9 
5.3 
6 .0 
5.6 
8.7 
±0 .50 
M e a n n u m b e r o f 
ac t i ve m ines 
2.9 
2.5 
1.9 
2.4 
2.1 
3.5 
±0 .24 
M e a n l a r v a l 
mass ( m g ) 
2.93 
1.87 
1.86 
1.91 
1.52 
1.67 
±0 .20 
S u r v i v a l 
percentage 
47.5 
42.4 
35.8 
40 .0 
37.5 
40.2 
±1.67 
1 . M o t h s re l eased 1 5 d a y s a f t e r s e e d l i n g e m e r g e n c e . 
2 . T h i r t y p l a n t s p e r e n t r y . 
3 . O b s e r v a t i o n s t a k e n 3 0 d a y s a f t e r s e e d l i n g e m e r g e n c e . 
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Artif icial Screening Technique 
for Groundnut Leaf M i n e r 
So fa r , screening f o r resistance t o G L M has 
depended ent i re ly u p o n na tu ra l in festat ions in 
f i e ld cond i t i ons . Th is procedure can no longer be 
cons idered cost-ef fect ive. In the last 10 seasons 
( i n c l u d i n g the 1989 ra iny season), the densi ty of 
o n l y three generat ions ou t o f a possible 3 0 - 4 0 
generat ions has been h i g h enough to detect 
geno typ ic responses to th is insect. F u r t h e r m o r e , 
genotypes selected f o r resistance to the t h i r d 
genera t ion ( i .e. , the p lants were near m a t u r i t y ) 
were susceptible when a t tacked d u r i n g the seed­
l i n g and f l o w e r i n g stage by the f i r s t -genera t ion 
caterp i l la rs . Th i s was d iscovered f o u r years ago 
bu t there has been no o p p o r t u n i t y to invest igate 
th is obse rva t i on f u r t he r because no sui table 
in fes ta t ion has since occur red . 
G r o u n d n u t leaf m ine r is an i m p o r t a n t pest 
t h r o u g h o u t A s i a , hence we u rgen t l y need m o r e 
i n f o r m a t i o n a b o u t i ts in te rac t ions w i t h g r o u n d -
n u t ge rmp lasm. As th is i n f o r m a t i o n has no t been 
p r o v i d e d by the conven t i ona l f ie ld screening 
a p p r o a c h , an a l te rna t ive m e t h o d is be ing deve l ­
oped . I n a p i l o t expe r imen t , we reared G L M on 
g r o u n d n u t p lants in an insectary and released 
t h e m o n 15 -day -o ld expe r imen ta l p lants g r o w ­
i n g in pots (s ix genotypes, 30 p lants per geno­
type) in a ne ighbo r i ng insectary. A f t e r 15 days, 
the p lants were b r o u g h t back to the l a b o r a t o r y 
f o r dest ruct ive samp l ing and the e x a m i n a t i o n o f 
the larvae. A l t h o u g h th is techn ique needs s tan­
d a r d i z a t i o n i n terms o f m o t h l o a d , p lan t age, 
etc. , Tab le 14 indicates tha t we n o w have the 
basis of a new rou t i ne tha t makes screening f o r 
resistance to th is pest m o r e re l iab le , i n f o r m a t i v e , 
and independent o f seasonal character ist ics. F o r 
instance, ou t of the genotypes tested, I C G 221 is 
l i ke ly to be the mos t susceptible because i t p r o ­
mo ted the highest rate o f l a rva l g r o w t h . I C G V 
87123 and I C G ( F D R S ) 10 d isp layed the lowest 
l a rva l su rv i va l and adu l t acceptance rates. They 
are, there fore , less l i ke ly to need insect ic ida l p r o ­
tec t ion f r o m G L M than I C G 2 2 1 . 
Screening for Pest Resistance in the Field 
I n the 1988/89 pos t ra iny season we f o u n d t h a t 
I C G V 87157 and I C G ( F D R S ) 10 were resistant 
to jass id damage, as was the aphid- res is tant l ine 
and to p red i c t w h e n insect ic ides need to be ap ­
p l ied to op t im ize fa rmers ' y ie lds. 
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I C G 5240. T w o var iet ies w i t h resistance t o de fo ­
l i a to r s ( I C G V 86030 and I C G V 86031) were as 
resistant to jassids as the resistant c o n t r o l I C G 
2271 . 
D u r i n g the ra iny season, we screened 250 geno­
types i n three rep l i ca ted t r i a l s a t I C R I S A T 
Cen te r f o r resistance t o G L M , i n pa r t i cu la r . N o 
genotype was ou t s tand ing , bu t i n the A l C O R P O 
u n i f o r m pest nursery , I C G V 87157, I C G V 87160, 
and I C G 7827 had cons ide rab ly fewer l ive mines 
per p lan t t h a n the o ther 37 genotypes. 
Insect Resistance in Arachis spp 
Resistance to de fo l i a t i ng caterp i l la rs and to 
aph ids i s u n c o m m o n in the g e r m p l a s m o f the 
cu l t i va ted g r o u n d n u t . The re fo re , we are screen­
i n g w i l d re lat ives o f g r o u n d n u t t o de te rmine the 
ex ten t and na tu re o f the insect resistance c o n ­
ta ined the re in . Greenhouse tests have s h o w n 
tha t mos t o f the species tested have h igh levels o f 
resistance to Aphis craccivora. Arachis cardena-
5/V, A. otavi, A. kemph-mercadoi, A. khulaminii, 
A. stenosperma, A. batizocoi, A. duranensis, 
a n d A. paraguarensis were as resistant or usu ­
a l l y cons iderab ly more resistant t h a n the mos t 
aph id- res is tant Arachis hypogaea, I C G 5240. 
E x p e r i m e n t s car r ied ou t by the Overseas D e v e l ­
o p m e n t N a t u r a l Resources Ins t i t u te ( O D N R l ) , 
U K , added A. correntina, A. chacoense, and 
A. stenophylla to this l ist. 
S i m i l a r l y , Spodoptera litura feed ing tests on 
de tached leaves of Arachis spp revealed a w ide 
range o f responses — f r o m v i r t u a l i m m u n i t y to 
s u s c e p t i b i l i t y . Arachis glabrata, A. major, 
A. kemph-mercadoi, A. apressipila, A. villosa, 
A. stenophylla, and A. paraguarensis were the 
mos t resistant. 
Of great impo r tance was the serendip i tous 
d i scovery o f resistance to a so i l insect in the w i l d 
species. As o u r know ledge o f above -g round 
pests o f g r o u n d n u t and o u r ab i l i t y to cope w i t h 
t h e m increased, we real ised tha t o u r progress in 
unde rs tand ing the app l ied eco logy o f the soi l 
pests was s low. Th i s is w h y we were exci ted to 
d iscover an apparen t resistance to a n a t u r a l 
i n fes ta t i on of the larvae of a so i l insect, Sphe-
noptera sp, in the roo ts of 9 of the 22 w i l d species 
g r o w i n g in a rep l icated f ie ld t r i a l . 
Mechanisms of Host-plant Resistance 
in Cultivated Groundnuts and W i l d Relatives 
W i t h the hope o f dev is ing rap id methods o f 
de tec t ing resistance to suck ing and chewing 
insects, the mechanisms of resistance of several 
key genotypes are be ing invest igated in o rder to 
f i nd chemica l and physical markers . Th is research 
was conduc ted a t the O D N R I Headquar te rs , 
C h a t h a m , U K , B i r k b e c k Col lege, L o n d o n , the 
U n i v e r s i t y o f R e a d i n g , U K , and a t I C R I S A T 
Center . 
Paper and H P L C analysis revealed the pres­
ence o f a c o m p o u n d , concen t ra ted in g r o u n d n u t 
stems and pet io les, w h i c h appeared to be un ique 
to the aphid- res is tant genotype I C G 5240. I t was 
an i so - f l a vono id b u t i ts i den t i t y is subject to 
c o n f i r m a t i o n . U s u a l l y g r o u n d n u t stems and 
pet io les are the favoured feeding sites of aph id 
species. Th i s c o m p o u n d is no t present in the 
p h l o e m sap. However , f u r the r tests o f the ph loem 
sap o f I C G 5240 showed tha t i t con ta ined near ly 
tw ice the concen t ra t i on o f condensed tann ins 
t h a n the aphid-suscept ib le c o n t r o l I C G 2 2 1 . 
Para l le l tests on Arachis stenophylla (h igh ly 
aph id resistant) and A. duranensis (aph id sus­
cept ib le) revealed that there were s im i la r concen­
t r a t i o n s o f these substances in the p h l o e m sap o f 
the aph id- res is tant and -suscept ib le g r o u n d n u t 
genotypes and the aphid-resistant and -susceptible 
w i l d species. 
Desp i te the h igh level of resistance to S. litura 
i n I C G V 86031 under f ie ld cond i t i ons , i t has n o t 
been possible to detect a chemica l reason f o r 
th is . However , when g iven a choice between th is 
genotype and a susceptible one, newly hatched 
la rvae were m o r e l i ke l y to leave the fo l iage o f 
I C G V 86031. Th i s effect on l y lasted f o r a few 
hou rs af ter ha t ch ing . T h e oven-d r ied b iomass o f 
I C G V 86031 per un i t leaf area was greater t h a n 
tha t o f I C G 2 2 1 . There fo re , larvae feed ing o n the 
f o r m e r consumed a smal ler area of leaf t h a n 
those feed ing on tha t o f the la t ter , bu t achieved 
the same b o d y mass. T h u s de fo l i a t i on per l a rva l 
deve lopmen t was less in the resistant l ine t h a n in 
the suscept ib le, a clear examp le of to lerance. 
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We are p lac ing a special emphasis on deter­
m i n i n g the mechanisms o f resistance to aphids 
a n d S. litura a m o n g the w i l d Arachis spp 
because few sources of resistance have been 
f o u n d in A. hypogaea. 
O u t of the 14 w i l d species screened f o r resis­
tance to S. litura, a l l showed var ious k inds and 
levels o f nonpreference due to phys ica l and 
chemica l fac tors . In genera l , S. litura larvae 
developed qu icke r on pu lped leaves of Arachis 
spp t h a n on in tac t leaves. Th is indicates tha t the 
phys ica l qua l i t y of the leaves may be a resistance 
fac tor . 
A n o n p r o t e i n a m i n o ac id , c is-4-methy lene 
g l u tam ic ac id , w h i c h is present in susceptible 
genotypes of A. hypogaea, is absent or near ly 
absent in a l l resistant Arachis spp and in the 
aph id- res is tant I C G 5240. I t is possible tha t th is 
chemica l st imulates insects to feed. 
Ex t rac ts o f several species in po la r and n o n p o -
lar solvents have shown s t rong an t i b io t i c effects. 
Th i s ind icates tha t there are more chemica l 
resistance mechanisms in the genus. Inf luence of Cropp ing System 
on So i l Insects 
T h e observa t ion tha t the leaves of a c o m m o n 
roads ide weed, m o r n i n g g lo ry bush (Ipomoaea 
fistulosa) are rare ly a t tacked by insect or m a m -
m a l i a n de fo l ia to rs may have lead to a break-
t h r o u g h in p lan t p ro tec t i on research. A m u l c h o f 
the chopped leaves and stems of th is p lan t was as 
successful a t p ro tec t ing g r o u n d n u t pods f r o m 
te rm i te scar i f i ca t ion as a neem (Azadirachta 
indica) cake m u l c h (<10%). A sunn hemp (Cro-
talariajuncea) mu l ch increased the level of scar i ­
f i c a t i o n to abou t 70%, w h i c h i s cons iderab ly 
h igher t h a n the rate tha t occur red on bare 
g r o u n d (about 35%). 
F o l l o w i n g the successful d e m o n s t r a t i o n , by 
the C e n t r o I n t e rna t i ona l de A g r i c u l t u r a T r o p i ­
cal ( C I A T ) scientists w o r k i n g i n C o l o m b i a , o f 
the ab i l i t y o f sunn hemp to p ro tec t cassava 
(Manihot esculenta C ran tz ) f r o m soi l pests we 
decided to f i n d ou t i f there were any s im i la r 
benef i ts to be gained by i n t e r c ropp ing sunn 
h e m p w i t h g r o u n d n u t . T h e reduc t i on ( tha t we 
hoped fo r ) in te rmi te ac t i v i t y in the presence o f 
sunn hemp d i d no t occur a n d , the t h r i p and 
Figure 12. Distribution of aphid populations across 
a drought stress gradient created by line-source over-
head irrigation. 
Water applied (mm) 
L o g y = 1.596 + 0.002x (r2 = 0.77) 
L o g y = 2.046 + 0.002x (r2 = 0.86) 
T h e Inf luence of D r o u g h t Stress 
on Aph ids 
T h e unusua l appearance o f aphids d u r i n g the 
pos t ra i ny season enabled us to observe aph id 
d i s t r i b u t i o n across the drought-s t ress grad ient 
created by the Phys io log is ts ' l ine source over­
head i r r i g a t i o n system in the i r d r o u g h t resis­
tance screening t r i a l . F igu re 12 shows tha t the 
a p h i d dens i ty was m u c h h igher where most o f 
the i r r i g a t i o n water had been app l ied . The effect 
o f r a i n on aph id p o p u l a t i o n densi ty (where one 
r a i n f a l l event decreased the i r densi ty by 90%) 
suggests t ha t , a l t hough the i r densi ty was highest 
near the i r r i g a t i o n source, i t had p robab l y been 
suppressed by the phys ica l effect of the water 
f a l l i n g on the p lants . The d r o u g h t stress expe­
r ienced by the p lants far thest f r o m the water 
source can be considered to be benef ic ia l because 
these p lan ts suppo r ted the lowest densi ty o f an 
i m p o r t a n t pest and v i rus vector . The p lants tha t 
were suppor ted by i r r i g a t i o n d u r i n g the d r y sea­
son were exposed to a pest a t tack tha t had the 
po ten t i a l to reduce the i r y ie ld s ign i f icant ly . 
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j ass id densi t ies were l o w e r i n the i n t e r c r o p , 
p resumab ly because of a bar r ie r effect. 
V i d e o F i l m 
T h e Legumes En tomo log i s t s j o i n t l y p repared a 
30 -m inu te v ideo f i l m en t i t led " I n teg ra ted Pest 
M a n a g e m e n t — t h e I C R I S A T A p p r o a c h " i n th is 
year. T h e f i l m in t roduces the pr inc ip les o f in te ­
gra ted pest management and the research w o r k 
en ta i led i n the con tex t o f I C R I S A T and i ts 
e n v i r o n m e n t and object ives. The m a i n pests o f 
the three legume crops are discussed together 
w i t h demons t ra t i ons o f the c o m p o n e n t s o f i n te ­
gra ted pest management . 
Breeding for Insect Pest Resistance 
Yield Trials 
We c o m p a r e d the yields o f 30 var iet ies, i n c l ud i ng 
three con t ro l s , in an el i te insect-pest resistant 
va r i e t y t r i a l a t f o u r l oca t ions under na tu ra l 
insect i n fes ta t i on d u r i n g the 1989 ra iny season. 
F o u r var iet ies ou ty ie lded the recent ly released 
I C G V 87141 ( I C G S 76) a t I C R I S A T Center 
(Tab le 15). N o n e bet tered the h ighes t -y ie ld ing 
c o n t r o l s , JL 24 a t A n a n t a p u r and I C G 2271 a t 
B h a v a n i s a g a r . I C G V 86436 o u t y i e l d e d t h e 
recent ly released I C G V 87141 a t H isa r , A n a n ­
t a p u r , and Bhavan isagar . I C G V 86522, w h i c h 
had the highest average p o d y ie ld of 2.66 t h a - 1 
( c o n t r o l — 2 . 0 t h a - 1 of average p o d y ie ld) ap-
peared to be the best adap ted va r ie ty f o r b o t h 
r a i ny and pos t ra iny seasons, as i t ou ty ie lded 
I C G V 87123 d u r i n g the 1988/89 pos t ra iny sea­
son and also ou ty ie lded the n a t i o n a l c o n t r o l v a ­
r ie ty , K a d i r i 3 , in the 1986/87 pos t ra iny season 
( I C R I S A T A n n u a l Repo r t 1987, p . 243). Several 
var ie t ies , i n c l u d i n g those l is ted in Tab le 15, 
showed s im i l a r levels of jass id resistance as or 
h igher t h a n the resistant c o n t r o l , I C G 2271 . 
P l a n t I m p r o v e m e n t 
I n the c ross ing p r o g r a m , the emphasis was on 
the i n c o r p o r a t i o n o f m u l t i p l e resistances i n t o 
h i gh -y i e l d i ng , p o p u l a r cu l t i va rs and advanced 
b reed ing l ines. In the 1988/89 pos t ra iny season, 
we made 124 crosses (15 030 po l l i na t i ons ) in the 
f i e ld w i t h an average success rate o f 19%. In the 
1988 ra iny season, we made 130 crosses (16 002 
po l l i na t i ons ) in the f ie ld w i t h an average success 
rate o f 84%. We grew 444 F 1 popu la t i ons d u r i n g 
b o t h seasons, and after c o n f i r m i n g the i r h y b r i d -
i t y , we a l located these to va r ious b reed ing p r o ­
jec ts . On an average, there were 20 .5% selfed 
p lants w i t h i n the F1 popu la t i ons . 
B r e e d i n g f o r A d a p t a t i o n 
t o Specif ic E n v i r o n m e n t s 
a n d R e q u i r e m e n t s 
E a r l y - m a t u r i n g G r o u p 
In the 1988/89 pos t ra i ny season, we grew 1147 
F2 - F1 1 p o p u l a t i o n s and made 1031 b u l k selec-
t i ons ; in the 1989 ra iny season, we grew 1172 
F2 - F8 p o p u l a t i o n s and made 354 b u l k selections, 
based on p o d n u m b e r , m a t u r i t y , shape and size, 
and seed m a t u r i t y in ear ly harvests. D u r i n g the 
1989 ra i ny season, ou r select ion ef f ic iency was 
severely impeded by weeds. M o s t mate r ia l had 
to be advanced w i t h o u t select ion. We selected 59 
new l ines in the 1988/89 pos t ra i ny season f o r 
rep l icated y ie ld t r ia ls in the 1989 ra iny season. 
Yield Trials 
We evaluated 186 varieties in 3 replicated t r ia ls, 
f o r the i r pod yie ld potent ia l in early harvests du r ­
ing the 1988/ 89 post ra iny season. In the elite t r i a l , 
I C G V 87883 produced h igh pod yields on bo th the 
early harvest dates in A l f i so l f ields at I C R I S A T 
Center: 1.87 ± 0.11 t ha -1 in 104 D A S (1260°C day 
cumula t i ve the rma l t ime [ C T T ] ) and 2.81 ± 0.16 
t ha - 1 in 118 D A S (1494°C day C T T ) . 
D u r i n g the 1989 ra iny season, we evaluated 
150 var iet ies in f o u r rep l ica ted t r ia ls a t I C R I ­
S A T Cente r and 44 a t o the r loca t ions i n I n d i a . 
F o u r var iet ies ou ty ie lded the h ighest -y ie ld ing 
c o n t r o l i n p r e l i m i n a r y t r ia ls a t I C R I S A T C e n ­
ter. W h e n c o m p a r e d w i t h the h ighes t -y ie ld ing 
c o n t r o l va r ie ty , f i ve var iet ies in the el i te t r i a l 
ou t y i e l ded the c o n t r o l i n ear ly harvests in mean 
p o d yields a t f o u r locat ions (Tab le 16). 1CGV 
86143 p roduced the highest p o d yields of 2.38 t 
h a - 1 in 92 D A S at H i sa r and 2.27 t ha" 1 in 96 
D A S a t Bhavan isagar , bu t the y ie ld was l o w a t 
I C R I S A T Center and A n a n t a p u r . U n d e r h i g h -
i n p u t cond i t i ons a t I C R I S A T Center , I C G M S 
32, a var ie ty selected in M a l a w i , gave the highest 
p o d y ie ld of 1.80 t ha - 1 in 94 D A S (1494°C day 
C T T ) w i t h 6 5 % shel l ing percentage and a 100-
seed mass of 29 g. 
T a b l e 1 5 . M e a n p o d y ie lds o f s o m e h i g h - y i e l d i n g j a s s i d (Empoasca K r e r r i ) - r e s i s t a n t va r ie t i es i n t h e 
E l i t e I n s e c t - P e s t R e s i s t a n c e G r o u n d n u t V a r i e t a l T r i a l ( s e q u e n t i a l l y a n d a l t e r n a t e l y b r a n c h i n g ) , r a i n y 
s e a s o n 1 9 8 9 . 
Entry 
ICGV 86522 
ICGV 86436 
ICGV 87468 
ICGV 86518 
ICGV 86462 
ICGV 87453 
ICGV 86455 
ICGV 86252 
ICGV 86351 
ICGV 86393 
Controls 
J L 24 
ICGV 87141 
(ICGS 76) 
ICG 2271 
SE 
Trial mean 
(42 entries) 
CV (%) 
Efficiency over 
R B D 8 (%) 
Mean pod yield (t ha -1) 
ICRISAT 
Center1 
3.50 (1)6 
2.67(14) 
2.61(16) 
2.41(23) 
2.44(22) 
3.18 (3) 
2.67(13) 
2.62(15) 
3.08 (4) 
3.15 (3) 
2.26(28) 
2.41(24) 
2.45(19) 
±0.158 
2.65 
10 
179 
Bhavani-
sagar2 
2.23 (9) 
2.34 (6) 
2.19(10) 
2.06(14) 
1.89(22) 
1.84(26) 
1.88(23) 
1.78(27) 
2.04(16) 
1.98(18) 
2.07(13) 
1.65(30) 
2.59 (1) 
±0.166 
2.06 
14 
168 
Ananta-
pur3 
1.29 (4) 
1.18(13) 
1.25 (6) 
1.32 (3) 
1.17(14) 
0.92(24) 
1.02(21) 
1.23(10) 
1.07(19) 
1.11(18) 
1.51 (1) 
0.79(27) 
0.74(29) 
±0.088 
1.09 
14 
128 
Hisar2 
3.61 (3) 
3.98 (1) 
3.23 (9) 
3.37 (6) 
3.62 (2) 
3.16(11) 
3.48 (4) 
3.41 (5) 
2.67(20) 
2.56(22) 
2.39(24) 
3.12(10) 
2.30(27) 
±0.251 
2.89 
15 
160 
Mean 
2.66 
2.54 
2.32 
2.29 
2.28 
2.28 
2.27 
2.26 
2.21 
2.20 
2.06 
2.01 
2.02 
±0.41 
3.2 
22 
Shel l-
Jassid ing 
score4 (%)5 
3.2 67 
2.9 66 
3.9 69 
3.6 69 
2.2 69 
2.0 67 
2.2 65 
1.8 71 
3.8 68 
2.5 69 
7.9 69 
5.07 71 
4.4 62 
100-
Number of locations 
where entry ranked in: 
seed Top Bot tom 
mass (g)5 20% 20% 
40 
47 
45 
48 
33 
41 
42 
48 
40 
35 
48 
52 
45 
3 0 
2 0 
1 0 
2 0 
1 0 
1 1 
1 0 
1 1 
1 0 
1 0 
1 1 
0 2 
1 2 
1 . A l f i s o l , 6 0 k g P 2 O 5 h a - 1 , f u l l i r r i g a t i o n , n o p r o t e c t i o n aga ins t insect pests , p r o t e c t i o n aga ins t f o l i a r diseases, i n r e c t a n g u l a r l a t t i ce 
des i gn , p l o t size 13.5 m 2 ( B B F ) . 
2 . A l f i s o l ( B h a v a n i s a g a r ) a n d E n t i s o l ( H i s a r ) , 6 0 k g P 2 O s h a - 1 , f u l l i r r i g a t i o n , n o p r o t e c t i o n aga ins t insec t pests , i n r e c t a n g u l a r l a t t i c e 
des i gn , p l o t size 4.8 m 2 ( o n f l a t bed) . 
3 . A l f i s o l , 46 kg P 2 O 5 h a - 1 , r a i n f e d , no p r o t e c t i o n against insect pests, i n r e c t a n g u l a r l a t t i ce des ign , p l o t size 4.8 m 2 ( o n f l a t bed) . 
4 . A v e r a g e o f th ree seasons ' d a t a r e c o r d e d f r o m I C R I S A T C e n t e r ( r a i n y seasons 1987, 1988, a n d 1989). Jass id d a m a g e scored on a 1-9 
scale u n d e r n a t u r a l insect-pest i n f e s t a t i o n whe re 1 = no j ass id d a m a g e , a n d 9 = 90 1 0 0 % jass id d a m a g e ( leaf y e l l o w i n g ) . 
5 . A v e r a g e o f f o u r l oca t i ons f r o m the b u l k samples . 
6 . N u m b e r s i n parentheses are r a n k i n g s o f the ent r ies . 
7 . Jass id score f r o m o n l y the 1989 r a i n y season, I C R I S A T Cen te r . 
8 . R B D = R a n d o m i z e d - b l o c k des ign . 
Groundnut 173 
Screening for Fresh Seed Dormancy 
We tested 26 l ines w i t h suspected seed d o r -
m a n c y . S i x b reed ing l ines and one g e r m p l a s m 
l ine I C G 7261 ( K a n t o n u m b e r 40) had f resh seed 
d o r m a n c y o f l im i t ed d u r a t i o n . 
W e t o o k parents w i t h m u l t i p l e resistance t o 
insect pests ( leaf m ine r and S p o d o p t e r a ) , f o l i a r 
diseases ( rust and L L S ) and d r o u g h t , and crossed 
t h e m w i t h 34 h i gh -y i e l d i ng , adapted var iet ies to 
generate popu la t i ons w i t h resistance to m u l t i p l e 
stresses. 
Yield Trials 
I n the 1988/89 pos t ra i ny season, we eva luated 
147 sequent ia l ly and 98 a l ternate ly b r a n c h i n g 
var ie t ies, i n e ight rep l icated y ie ld t r ia ls . O u t o f 
these, 46 var iet ies were tested at three loca t ions , 
w h i l e the rest were eva lua ted a t I C R I S A T C e n ­
ter. T h e mean p o d y ie lds i n the sequent ia l ly 
M e d i u m - and L a t e - m a t u r i n g Groups 
We grew 840 b u l k popu la t i ons ( F 2 - F12) d u r i n g 
the 1988/89 pos t ra i ny and the 1989 ra i ny sea­
sons and made 371 b u l k popu la t i ons and s ingle-
p l a n t select ions. We selected 50 pheno typ i ca l l y 
u n i f o r m advanced genera t i on var iet ies f o r a p re ­
l i m i n a r y y ie ld t r i a l . 
174 Groundnut 
T a b l e 1 6 . M e a n p o d y i e l d o f s e l e c t e d g r o u n d n u t v a r i e t i e s i n t h e E l i t e E a r l y G r o u n d n u t V a r i e t a l T r i a l , 
r a i n y s e a s o n 1 9 8 9 . 
E n t r y 
I C G V 86143 
I C G M S 3 2 
I C G M 614 
I C G V 87391 
I C G M S 2 3 
C o n t r o l s 
C h i c o 
J L 24 
J 11 
T M V 2 
I C G V 87157 
S E 
T r i a l m e a n 
(49 en t r ies ) 
C V ( % ) 
E f f i c i e n c y 
o v e r R B D 4 (%) 
M e a n p o d y i e l d ( t ha - 1 ) 
H I ( A ) 1 A n a n t a p u r 
(94 D A S ) 2 (96 D A S ) 
1.51(34)3 0 .99(48) 
1.80 (7) 1.25(31) 
1.76(10) 1.61 (1) 
1.78 (9) 1.38(11) 
1.63(19) 1.34(15) 
1.00(49) 0 .61(49) 
1.75(12) 1.29(22) 
1.18(47) 1.23(33) 
1.29(46) 1.27(26) 
1.41(43) 1.06(46) 
±0 .103 ±0.088 
1.59 1.27 
11.3 12.2 
104 125 
B h a v a n i s a g a r H i s a r 
(96 D A S ) (92 D A S ) 
2.27 (1) 
2.22 (2) 
1.92(12) 
2.06 (4) 
1.90(18) 
0 .91(49) 
1.91(16) 
2.07 (3) 
1.62(38) 
1.49(41) 
±0 .157 
1.77 
15.4 
123 
2.38 (1) 
1.82 (7) 
1.76(10) 
1.58(19) 
1.89 (4) 
1.24(42) 
1.58(20) 
1.26(40) 
1.31(36) 
1.11(44) 
±0 .161 
1.49 
18.8 
104 
M e a n 
1.79 
1.77 
1.76 
1.70 
1.69 
0 .94 
1.63 
1.44 
1.37 
1.27 
±0 .065 
1.53 
N u m b e r o f l o c a t i o n s 
w h e r e e n t r y r a n k e d i n : 
T o p 2 0 % 
2 
3 
3 
2 
1 
0 
0 
1 
0 
0 
B o t t o m 2 0 % 
1 
0 
0 
0 
0 
4 
0 
1 
1 
4 
1 . H I ( A ) = H i g h i n p u t ( A l f i s o l ) , I C R I S A T C e n t e r , p l o t s izes a r e 4 . 8 m 2 a t A n a n t a p u r , a n d 6 m 2 a t o t h e r l o c a t i o n s . 
2 . D A S = D a y s a f t e r s o w i n g , d u r i n g t h e 1989 r a i n y s e a s o n , a t l o c a t i o n H I ( A ) , 9 4 D A S w e r e e q u a l t o 1 4 9 4 ° C d a y c u m u l a t i v e 
t h e r m a l t i m e ( C T T ) . 1475 ° C d a y C T T ge ts a c c u m u l a t e d a t l C R I S A T C e n t e r i n r a i n y s e a s o n , o n a n a v e r a g e , i n 9 0 D A S ( b a s e d 
o n 1 4 - y e a r w e a t h e r d a t a a n d a s s u m i n g 1 5 J u n a s t h e s o w i n g d a t e ) . 
3 . N u m b e r s i n p a r e n t h e s e s a r e r a n k i n g s o f t h e e n t r i e s . 
4 . R B D = R a n d o m i z e d - b l o c k d e s i g n . 
Groundnut 175 
b r a n c h i n g g r o u p t r ia ls a t I C R I S A T Center 
ranged f r o m 2.16 ± 0.23 t ha -1 to 4.80 ± 0.24 t ha - 1 . 
T w e n t y - o n e ou ty i e l ded the n a t i o n a l c o n t r o l , 
J 1 1 , and 10 ou ty ie lded the best con t ro l s , I C G V 
87123 or l C G V 87128. 
T h e mean p o d yields in the a l ternate ly b ranch-
i n g g r o u p ( I C R I S A T Center ) ranged f r o m 2.65 t 
h a - 1 to 5.51 ± 0.19 t ha - 1 . T w e n t y - f o u r var iet ies 
gave h igher p o d yields t h a n the na t i ona l c o n t r o l , 
K a d i r i 3 . I n the a l te rnate ly b r a n c h i n g p r e l i m i -
na ry y ie ld t r i a l , f o u r var iet ies recorded p o d 
y ie lds in the range of 5.04 - 5.51 t h a - 1 c o m p a r e d 
w i t h 4.42 ± 0.19 t ha -1 of K a d i r i 3. 
In the sequent ia l ly b r a n c h i n g el i te var ie ty 
t r i a l , I C G V 86249 d id we l l aga in as in prev ious 
years. I t had ou ty ie lded I C G V 87123 d u r i n g the 
1987/88 pos t ra iny season ( I C R I S A T A n n u a l 
R e p o r t 1988, p. 132) and also showed super io r i t y 
i n p o d y ie ld over the na t i ona l c o n t r o l K a d i r i 3 , 
d u r i n g the 1986/87 pos t ra iny season ( I C R I S A T 
A n n u a l R e p o r t 1987, p . 243). There fo re , I C G V 
86249 appears to be adapted to i r r i ga ted A l f i so l s 
in the pos t ra iny season. 
I C G V 86008, w h i c h showed the highest aver-
age p o d y ie ld of 2.56 t h a - 1 as against 2.11 t ha - 1 
o f I C G V 87123 d u r i n g the 1988/89 pos t ra iny -
season eva lua t i on , also recorded the highest 
average p o d y ie ld of 2.39 t h a - 1 as against 1.92 t 
h a - 1 o f I C G V 87123 d u r i n g the 1988 ra iny season 
( I C R I S A T A n n u a l R e p o r t 1988, p . 134). There-
f o r e , i t appears to be we l l adap ted to the ra iny 
season and i r r iga ted pos t ra iny s i tua t ion . O ther 
var iet ies adapted to b o t h seasons are I C G V 
86885 and I C G V 86865. 
In the 1989 ra iny season, we evaluated 98 
s e q u e n t i a l l y b r a n c h i n g a n d 7 4 a l t e r n a t e l y 
b r a n c h i n g var iet ies in f o u r rep l icated y ie ld t r ia ls . 
O u t o f these, 36 were tested at f o u r loca t ions and 
the rest were evaluated on l y a t I C R I S A T Center . 
M e a n p o d yields i n the sequent ia l ly b ranch ing 
g r o u p t r ia ls a t I C R I S A T Center ranged f r o m 
0.97 to 3.62 ± 16 t ha - 1 . Fou r t een var iet ies o u t -
y ie lded the na t i ona l c o n t r o l , JL 24, and 9 o u t -
y ie lded I C G V 87123 a n d / o r I C G V 87128. Three 
var iet ies a t I C R I S A T Center and Bhavan isagar , 
ou ty ie lded the h ighest -y ie ld ing c o n t r o l JL 24, 
whereas o n l y one var ie ty ou ty ie lded JL 24 a t 
H isa r . I C G V 86928, w h i c h gave the highest 
average p o d y ie ld (Tab le 17) of 2.51 t ha - 1 as 
against 2.18 t ha - 1 of JL 24, adapted best to the 
ra iny-season s i t ua t i on . I t had also recorded h igh 
p o d yields in the 1987 ra iny season at I C R I S A T 
Center ( I C R I S A T A n n u a l Repor t 1987, p . 245). 
M e a n p o d yields in the a l ternate ly b ranch ing 
g r o u p t r ia ls a t I C R I S A T Center ranged f r o m 
1.26±0.11 t h a - 1 to 3.26 ± 0.17 t ha - 1 . S i x t y -n ine 
var iet ies tested in d i f fe rent t r ia ls had h igher pod 
yields than the na t i ona l c o n t r o l K a d i r i 3 . O u t o f 
these, twenty -n ine outy ie lded K a d i r i 3 and I C G V 
87141 . E igh t var iet ies a t I C R I S A T Center o u t -
y ie lded K a d i r i 3 and I C G V 87141. A t Bhavan i -
sagar, three variet ies ou ty ie lded K a d i r i 3 and 
I C G V 87141. I C G V 86300, w h i c h p roduced the 
highest average p o d y ie ld of 2.93 t ha - 1 , as 
against 2.45 t ha - 1 of K a d i r i 3 (Tab le 18) adapted 
best to the r a i ny season; i t also gave the highest 
average p o d y ie ld in the 1988 ra iny-season m u l -
t i l o c t i o n a l t r ia ls ( I C R I S A T A n n u a l Repo r t 
1988, p. 135) and highest p o d y ie ld in the 1987 
ra iny-season t r i a l a t I C R I S A T Center ( I C R I -
S A T A n n u a l Repo r t 1987, p . 245). 
Yield Trials 
D u r i n g the 1988/89 pos t ra iny season, we eva lu-
ated 147 newly developed con fec t ionery g r o u n d -
n u t var iet ies i n c l u d i n g 48 f r o m N o r t h C a r o l i n a 
State Un ive rs i t y in three repl icated p r e l i m i n a r y 
Confect ionery G r o u p 
We grew 670 popu la t i ons ( F 2 F7) in the 1988/89 
pos t ra iny and the 1989 ra iny seasons and made 
325 b u l k select ions based on p o d y ie ld per se, 
p o d and seed size and shape, u n i f o r m i t y , and 
seed co lo r . We gave most emphasis to select ing 
two-seeded, e longated, modera te ly constr ic ted 
b o l d pods tha t resulted in progenies w i t h u n i -
f o r m , large, r o u n d o r e longated seeds. We 
selected 92 pheno typ i ca l l y u n i f o r m large-seeded 
var iet ies f o r repl icated y ie ld t r ia ls . We crossed 
h igh -y ie ld ing confec t ionery variet ies w i t h l ines 
h a v i n g desi rable t ra i ts such as resistance to rust 
and late leaf spot , and shor t d u r a t i o n . 
176 Groundnut 
Groundnut 177 
178 Groundnut 
y ie ld t r ia l s a t I C R I S A T Center . T h e mean p o d 
y ie lds were 2.12 ± 0.30 t ha -1 to 4.67 ± 0.26 t ha - 1 . In 
the p r e l i m i n a r y t r i a l , s ix var iet ies ou ty ie lded the 
I n d i a n con fec t i one ry g r o u n d n u t va r ie ty , C h a n -
d r a , and were also super io r in she l l ing percen-
tage, 100-seed mass, and o i l and p r o t e i n c o n -
tents. H o w e v e r , on l y f o u r o f these variet ies had 
sa t is fac to ry o le ic / l i no le i c ac id ( O / L ) ra t i os 
( > 1 . 6 ) . 
I C G V 88379, w i t h a p o d y ie ld of 4.7 t ha - 1 
ou ty ie lded I C G V 87123, w h i c h was recent ly 
released in I n d i a . O u t o f the 147 var iet ies eva lu -
ated i n va r ious t r ia ls , th i r teen ou ty ie lded I C G V 
87123. I C G V 88414, w i t h i ts h igh p r o t e i n c o n ­
ten t (31.1%) and l o w o i l (46 .2%) , i s the m o s t 
sought af ter con fec t ionery var ie ty . 
I n ano ther p r e l i m i n a r y t r i a l , none o f the 
i n t r oduced var iet ies ou ty ie lded the loca l c o n t r o l , 
C h a n d r a . H o w e v e r , I C G V s 88424 ( N C A c 
18420), 88429 ( N C Ac 18437), and 88438 ( G P 
NC 343 x NC Ac 17367), w h i c h h a d 100-seed 
masses of 70 g each d u r i n g the 1988 ra iny season 
( I C R I S A T A n n u a l R e p o r t 1988, p . 134), also 
p r o d u c e d h i g h seed masses ( > 8 4 g [100 seeds] -1) 
d u r i n g the 1988/89 pos t ra iny season, i n d i c a t i n g 
s tab i l i t y of seed mass in these var iet ies. These 
T a b l e 1 9 . M e a n p o d y i e l d s o f c o n f e c t i o n e r y g r o u n d n u t v a r i e t i e s i n a d v a n c e d y i e l d t r i a l , I C R I S A T 
C e n t e r , r a i n y s e a s o n 1 9 8 9 1 . 
E n t r y 
I C G V 88386 
I C G V 88408 
I C G V 88390 
I C G V 88382 
I C G V 88399 
I C G V 88365 
I C G V 88403 
I C G V 88367 
I C G V 88398 
C o n t r o l s 
C h a n d r a 
C h a l i m b a n a 
I C G V 87141 
( I C G S 76) 
S E 
T r i a l m e a n 
(49 en t r ies ) 
C V (%) 
E f f i c i e n c y 
o v e r R B D 7 (%) 
P o d y i e l d 
( t ha - 1 ) 
3.00 (2 ) 5 
3.00 (3) 
2.96 (5) 
2.93 (7 ) 
2.92 (8) 
2.90 (9) 
2 .88(11) 
2 .85(12) 
2 .85(13) 
2 .30(47) 
2 .03(49) 
2 .38(44) 
±0 .130 
2.67 
9 
133 
S h e l l i n g 
( % ) 2 
64 
63 
61 
63 
63 
65 
65 
68 
61 
64 
59 
70 
100-seed 
mass (g) 3 
80 
74 
73 
78 
73 
73 
77 
76 
73 
70 
69 
50 
O i l 
( % ) 4 
50.7 
51.2 
50.4 
50.6 
49.5 
51.1 
50.2 
50.6 
48 .3 
48.7 
_6 
-
P r o t e i n 
( % ) 4 
21.5 
21 .4 
20.3 
22.3 
22.4 
24.7 
22.3 
22.8 
23 .2 
21.9 
-
-
O l e i c / l i n o l e i c 
ac id r a t i o 4 
1.86 
1.83 
1.91 
1.82 
1.76 
1.91 
1.89 
1.57 
1.71 
1.96 
-
-
1 . A l f i s o l , 6 0 k g P 2 O 5 h a - 1 , f u l l i r r i g a t i o n , f u l l p r o t e c t i o n a g a i n s t d i seases , i n t r i p l e - l a t t i c e d e s i g n , p l o t s ize 13.5 m 2 ( B B F ) . 
2 . R e c o r d e d f r o m b u l k s a m p l e o f 1 k g o f p o d s . 
3 . R e c o r d e d f r o m b u l k s a m p l e o f r a n d o m l y se lec ted s o u n d , m a t u r e seeds. 
4 . A v e r a g e o f tes ts o v e r t h r e e seasons a t I C R I S A T C e n t e r ( 1 9 8 7 / 8 8 p o s t r a i n y , 1988 r a i n y , a n d 1 9 8 8 / 8 9 p o s t r a i n y ) . 
5 . N u m b e r s i n p a r e n t h e s e s a re r a n k i n g s . 
6 . - = D a t a n o t a v a i l a b l e . 
7 . R B D = R a n d o m i z e d - b l o c k d e s i g n . 
Groundnut 179 
Breeding Mater ia l 
We sowed 10 F1 popu la t i ons f r o m crosses made 
between genotypes hav ing h igh y ie ld po ten t ia l 
and genotypes w i t h bo ld seed, t o c o n f i r m the i r 
h y b r i d i t y and to advance t h e m to the next gener­
a t i o n . We also advanced 10 F 2 popu la t i ons by 
single-seed descent. 
F r o m 461 F 3 p o p u l a t i o n s , we re ta ined 80 and 
made 88 pedigree select ions. F r o m 270 F 4 - F 7 
p o p u l a t i o n s we re ta ined 148 and made 118 b u l k 
and 419 pedigree selections. F ive w i l l be inc luded 
in y ie ld t r ia ls . 
We made several selections f o r h igh y ie ld and 
q u a l i t y f r o m breed ing l ines i n t roduced f r o m the 
Z i m b a b w e G r o u n d n u t P r o g r a m and 39 o f these 
w i l l be inc luded in a y ie ld t r i a l . 
High Yield and Adaptabil i ty 
W e sowed 2 1 F , p o p u l a t i o n s f r o m crosses 
i n v o l v i n g genotypes s h o w i n g h igh y ie ld po ten ­
t i a l and w ide adap tab i l i t y i n the S A D C C reg ion 
to c o n f i r m the i r h y b r i d i t y and to advance t hem 
to the next generat ion. 
We advanced 19 F2 popu la t i ons by single-seed 
advance and made 139 pedigree selections f r o m 
12 of these. 
Y i e l d T r i a l s 
Regional Program Preliminary Yield Trials 
We evaluated 20 sequent ia l ly b ranch ing and 44 
a l ternate ly b ranch ing breeding l ines in separate 
y ie ld t r ia ls a t Chi tedze. T w o breeding lines f r o m 
the 1987 l C R I S A T Center p r e l i m i n a r y f o l i a r -
diseases resistant g r o u n d n u t var ie ty t r i a l had 
good yields. 
I C R 1 S A T Center P re l im ina ry Y i e l d T r ia l s 
We evaluated 46 ea r l y -ma tu r i ng breeding l ines 
(1987 P r e l i m i n a r y Ear l y G r o u n d n u t Var ie ta l 
T r i a l 2) a t Chi tedze. I C G V s 87922 and 87924 
p e r f o r m e d we l l in th is t r i a l . We also evaluated 28 
d rough t - res is tan t breed ing l ines (1987 P r e l i m i ­
nary D r o u g h t Resistance G r o u n d n u t Var ie ta l 
T r i a l ) f o r the second season a t N g a b u . A l t h o u g h 
the season was a b n o r m a l l y wet and the results 
were inconc lus ive , I C G V 86972 gave sat isfactory 
y i e l d s . 
l C R I S A T Center International Yield Trials 
We evaluated 23 e a r l y - m a t u r i n g l ines sown on 
t w o dates a t Chi tedze. The ear ly t r i a l was har -
C r o p I m p r o v e m e n t i n S o u t h e r n 
A f r i c a 
Breeding for H i g h Y ie ld and Qual i ty 
i n M a l a w i 
var iet ies also had h igh O / L ra t ios (1 .6-2 .3) , and 
are thus po ten t i a l parents f o r b reed ing confec­
t i one ry var iet ies. 
In the 1989 ra iny season, we tested the y ie ld o f 
90 con fec t ionery var iet ies w i t h con t ro l s , i n t w o 
advanced y ie ld t r ia ls a t l C R I S A T Center . The 
mean p o d y ie lds ranged f r o m 1.86±0.16 to 
3.00±0.13 t ha - 1 . T h i r t y - o n e variet ies f r o m var -
ious t r ia ls ou ty ie lded C h a n d r a ; however , on ly 20 
ou ty ie lded I C G V 87141, w h i c h was recent ly 
released in I n d i a . A l s o , 41 var iet ies ou ty ie lded 
C h a l i m b a n a , a popu la r con fec t ionery var ie ty 
f r o m M a l a w i . Several var iet ies, i nc l ud ing those 
men t i oned in Tab le 19, had s h o w n i m p r o v e m e n t 
in shel l ing percentage, 100-seed mass, o i l c o n ­
ten t , and O/ L r a t i o . I C G V 88386 had the highest 
p o d y ie ld o f 3 t h a - 1 c o m p a r e d w i t h 2.38 t h a - 1 o f 
the best c o n t r o l , I C G V 87141 . I C G V s 88367, 
88382, 88386, 88403, and 88408 ou ty ie lded the 
h ighes t -y ie ld ing c o n t r o l , M 13, d u r i n g the 1988 
ra iny-season t r i a l conduc ted a t I C R 1 S A T Cen ­
ter ( I C R I S A T A n n u a l R e p o r t 1988, p . 136) and 
also had acceptable t ra i ts . 
We have 50 con fec t ionery var iet ies w i t h satis­
f ac to r y O / L ra t ios ( > 1 . 6 ) iden t i f ied d u r i n g the 
p rev ious t w o seasons' eva lua t i on a t I C R I S A T 
Center . 
T a b l e 2 0 . M e a n seed y i e l d s o f s o m e e n t r i e s i n t h e S A D C C R e g i o n a l G r o u n d n u t V a r i e t y T r i a l s 
( a l t e r n a t e l y b r a n c h i n g ) , 1 9 8 8 / 8 9 . 
E n t r y 
I C G V - S M 83708 
I C G V - S M 86708 
I C G V - S M 86734 
I C G V - S M 86725 
I C G V - S M 86720 
C o n t r o l P 
C o n t r o l 2 3 
S E 
T r i a l m e a n 
(25 en t r ies ) 
C V (%) 
E f f i c i e n c y 
o v e r R B D 4 (%) 
L o c a t i o n 1 a n d m e a n seed y i e l d ( t h a - 1 ) 
1 
3.00 (1)2 
2.82 (2) 
2 .28(10) 
2.67 (3) 
2.47 (5) 
1.60(25) 
2 .16(16) 
±0 .092 
2.21 
8 
100 
2 
0.61 (7) 
0.98 (1) 
0 .46(14) 
0 .43(18) 
0 .48(13) 
0.63 (5) 
0 .27(24) 
±0.088 
0.51 
35 
102 
3 
1.16 (1) 
1.12 (2) 
0 .85(10) 
0.99 (4) 
1.06 (3) 
0 .61(19) 
0 .74(15) 
±0,065 
0.79 
16 
102 
4 
0.57(16) 
0 .36(24) 
0 .90 (4) 
0 .65(11) 
0 .53(19) 
0.48(21) 
0.67 (9) 
±0.087 
0.65 
28 
104 
5 
0 .30(24) 
0 .36(21) 
0.56 (4) 
0 .30(25) 
0.47(10) 
0 .45(12) 
0.72 (2) 
±0 .096 
0.46 
36 
104 
M e a n 
1.13 
1.13 
1.01 
1.01 
1.00 
0.76 
0.91 
1 . L o c a t i o n 1 = C h i t e d z e R e s e a r c h S t a t i o n , M a l a w i , q u a d r u p l e - l a t t i c e d e s i g n , p l o t s ize 2 1 . 6 m 2 . 
2 = M a k o k a R e s e a r c h S t a t i o n , M a l a w i , q u a d r u p l e - l a t t i c e d e s i g n , p l o t s ize 9 .0 m 2 . 
3 = L u y e n g o C a m p u s , S w a z i l a n d , q u a d r u p l e - l a t t i c e d e s i g n , p l o t s ize 4 . 8 m 2 . 
4 = M s e k e r a R e s e a r c h S t a t i o n , Z a m b i a , q u a d r u p l e - l a t t i c e d e s i g n , p l o t s ize 18 .0 m 2 . 
5 = C h i s a m b a R e s e a r c h S t a t i o n , Z a m b i a , t r i p l e - l a t t i c e d e s i g n , p l o t s ize 18.0 m 2 . 
2 . N u m b e r s i n p a r e n t h e s e s a r e r a n k i n g s o f t h e e n t r i e s . 
3 . C o n t r o l s 1 a n d 2 a r e E g r e t a n d M a n i P i n t a r a t l o c a t i o n 1 ; M a w a n g a a n d C h i t e m b a n a a t l o c a t i o n 2 ; E g r e t a n d M a n i P i n t a r a t 
l o c a t i o n 3 ; M G S 2 a t l o c a t i o n 4 , a n d M a k u l u R e d a t l o c a t i o n 5 . 
4 . R B D = R a n d o m i z e d - b l o c k d e s i g n . 
vested on t w o dates. The late t r i a l was harvested 
on one date o n l y , a f ter the same t h e r m a l season 
l eng th as the f i r s t harvest in the ear ly t r i a l . Some 
genotypes p e r f o r m e d we l l even w h e n harvested 
re la t ive ly ear ly and the y ie ld of some entr ies was 
no t d ras t ica l ly reduced by late sow ing . 
Regional Program Advanced Yield Yrials 
We evaluated 39 sequent ia l ly b r a n c h i n g and 75 
a l te rnate ly b ranch ing test entr ies a long w i t h c o n ­
t ro ls in f o u r t r ia ls a t Ch i tedze. 
M a n y sequent ia l ly b r a n c h i n g entr ies o u t y i e l d -
ed the loca l c o n t r o l , M a l i m b a , and several 
showed p romise f o r y ie ld po ten t i a l and large 
seed size, as measured by 100-seed mass. We 
selected 14 entr ies f o r i nc lus ion in reg iona l y ie ld 
t r ia ls i n c l u d i n g selections f r o m (J 11 x TG 3 x NC 
Ac 17090), ( U S A 20 x T M V 10 x R o b u t 33-1-10-
3) , ( R o b u t 33-1-21-11 x M a n f r e d i x M 13), and 
[ ( G o l d i n 1 x Fa i zpu r 1- 5) x ( M a n f r e d i x M 13)]. 
M a n y a l te rna te ly b r a n c h i n g l ines gave h igher 
y ie lds t h a n the loca l c o n t r o l , bu t none was h igher 
t h a n I C G V - S M 83708 ( I C G M S 42) w h i c h gave 
the highest y ie ld in b o t h the t r ia ls . We selected 14 
entr ies f o r i nc lus ion in the reg iona l y ie ld t r ia ls 
a m o n g w h i c h are select ions f r o m ( I C G S 22 x 
M a k u l u R ed ) , ( I C G S 1 x M a k u l u Red) , ( I C G S 
18 x T M V 10 x Ch i co ) , f o u r GRV- res i s tan t selec-
t i ons ( I C G V - S M s 88709, 88710, 88711, and 
88734), and i n t r oduc t i ons f r o m Z a m b i a . 
180 Groundnut 
T a b l e 2 1 . M e a n seed y i e l d s o f s o m e en t r i es i n t h e S A D C C R e g i o n a l G r o u n d n u t V a r i e t y T r i a l s 
( s e q u e n t i a l l y b r a n c h i n g ) , 1 9 8 8 / 8 9 . 
E n t r y 
I C G V - S M 85038 
I C G V - S M 85045 
I C G V - S M 83005 
I C G V - S M 83011 
I C G V - S M 85001 
I C G V - S M 86053 
C o n t r o l 1 3 
C o n t r o l 2 3 
S E 
T r i a l M e a n 
(25 ent r ies) 
C V ( % ) 
E f f i c i e n c y o v e r 
R B D (%)4 
L o c a t i o n 1 and m e a n seed y i e l d ( t ha - 1 ) 
1 
1.60 (1) 2 
0.83(16) 
0.64(25) 
0 .85(14) 
1.16 (4) 
1.46 (2) 
0.72(24) 
0.74(23) 
±0.055 
0.95 
12 
100 
2 
1.26 (8) 
1.60 (2) 
1.84 (1) 
1.58 (3) 
1.36 (6) 
1.15(11) 
1.20(10) 
1.31 (7) 
±0.118 
1.19 
20 
119 
3 
1.46 (6) 
1.79 (2) 
1.60 (4) 
1.67 (3) 
1.49 (5) 
1.33 (8) 
0 .93(21) 
1.25(11) 
±0.111 
1.22 
17 
122 
4 
0.82 (3) 
0.75 (4) 
0.73 (5) 
0.83 (2) 
0.90 (1) 
0.71 (6) 
0 .40(23) 
0.46(20) 
±0.077 
0.58 
27 
101 
5 
0.73 (6) 
0 .69(10) 
0.85 (2) 
0.78 (4) 
0.98 (1) 
0.71 (8) 
0.58(18) 
0.52(22) 
±0.077 
0.65 
24 
100 
6 
1.32 (1) 
1.09 (4) 
1.04 (5) 
0.90 (7) 
0 .50(23) 
0.64(21) 
0.68(19) 
0.84(12) 
±0.124 
0.82 
30 
118 
M e a n 
1.20 
1.12 
1.12 
1.10 
1.06 
1.00 
0.75 
0.85 
1 . L o c a t i o n 1 = C h i t e d z e R e s e a r c h S t a t i o n , M a l a w i , q u a d r u p l e - l a t t i c e d e s i g n , p l o t s ize 2 1 . 6 m 2 . 
2 = N s a n j e R e s e a r c h S t a t i o n , M a l a w i , q u a d r u p l e - l a t t i c e d e s i g n , p l o t s ize 12.0 m 2 . 
3 = L u p e m b e R e s e a r c h S t a t i o n , M a l a w i , q u a d r u p l e - l a t t i c e d e s i g n , p l o t size 14.4 m 2 , 
4 = L u y e n g o C a m p u s , S w a z i l a n d , q u a d r u p l e - l a t t i c e d e s i g n , p l o t s ize 9 .6 m 2 . 
5 = M a s u m b a R e s e a r c h S t a t i o n , Z a m b i a , q u a d r u p l e - l a t t i c e d e s i g n , p l o t s ize 18.0 m 2 . 
6 = M o c h i p a p a , Z a m b i a , t r i p l e - l a t t i c e d e s i g n , p l o t s ize 18 .0 m 2 . 
2 . N u m b e r s i n p a r e n t h e s e s a r e r a n k i n g s o f t h e e n t r i e s . 
3 . C o n t r o l s 1 a n d 2 a r e M a l i m b a a n d S e l l i e a t l o c a t i o n s 1 a n d 4 ; M a l i m b a a t l o c a t i o n 2 ; a n d J L 2 4 a t l o c a t i o n 3 ; a n d a t l o c a t i o n 5 , 
C o m e t i s u s e d t w i c e a s c o n t r o l . 
4 . R B D = R a n d o m i z e d - b l o c k d e s i g n . 
Groundnut 181 
S A D C C Regional Yield Trials 
T h e V i rg in ia t r i a l was sent to n ine locat ions in s ix 
coun t r i es , the Spanish t r i a l to 11 locat ions in 
seven coun t r ies , and the Valencia t r i a l to e ight 
loca t ions in s ix count r ies . 
O f the V i rg in ia cu l t i va rs , I C G V - S M 83708 
( I C G M S 42) aga in ranked h igh a t most locat ions 
and was super io r to loca l variet ies at a number of 
l oca t ions (Tab le 20). I n t e r n a t i o n a l buyers have 
ind ica ted recent ly that I C G M S 42 is acceptable 
to the con fec t ionery t rade . I t has large seed of 
u n i f o r m shape and size and acceptable o i l 
s tab i l i t y . 
Some o ther entr ies were consistent ly ranked 
h i g h , n o t a b l y I C G V - S M 86708, I C G V - S M 
86725, b o t h der ived f r o m the same cross, ( [ R o b u t 
33-1 x N C A c 2821] x [ U S A 20 x T M V 10]) and 
I C G V - S M 85737 ( Z M 336, a n i n t r o d u c t i o n f r o m 
Z a m b i a ) . I C G V - S M s 85722, 85726, and 86715 
(a l l in terspeci f ic hyb r ids ) were no t as good this 
year as last year. N i n e entr ies have been reta ined 
f o r f u r the r eva lua t ion . 
Several entr ies in the Spanish t r ia ls gave c o n ­
sistent yields across locat ions (Tab le 21). I C G V -
SM 85038 [ ( P I 261911 x P I 262092) x Egre t ] was 
again h igh ly ranked . I C G V - S M 83005 and 85048 
d i d p o o r l y a t Chi tedze bu t grew we l l a t o ther 
l oca t ions . N i n e entr ies have been reta ined f o r 
f u r the r eva lua t i on . 
A t mos t Valencia t r i a l l oca t ions , the test 
entr ies were super io r to the c o n t r o l variet ies w i t h 
gave the highest p o d yie lds a t Y u n d u m and K a d -
awa , bu t d i d no t y ie ld so we l l a t the o ther sites 
( T a b l e 23). I t was closely f o l l o w e d by TS 3 2 - 1 , 
w h i c h gave the highest y ie ld at Sadore and 
M a r a d i and y ie lded we l l a t a l l the o ther sites. 
I C G V - S M 85045 and I C G V - S M 85038, f r o m 
the S A D C C / I C R I S A T p r o g r a m , were ranked 
nex t best and y ie lded reasonab ly we l l a t a l l the 
wet te r sites a t Y u n d u m , K a d a w a , I n a , and B e n -
g o u . I C G V 87123 gave g o o d yields at a l l sites 
except Y u n d u m , where th is l ine germina ted very 
p o o r l y due to shor tage o f g o o d q u a l i t y seed. Th i s 
l i ne , wh i l e s l igh t ly l a t e r - m a t u r i n g t h a n JL 24 and 
TS 3 2 - 1 , has the advantage o f be ing reasonably 
d o r m a n t f o r the wet te r zones and appears to be 
I C G M s 189, 284, 285, and 286 be ing consis tent ly 
good (Tab le 22). 
Advanced Groundnut Cultivar Tr ia l 
T h i s t r i a l was g r o w n a t e ight l oca t ions in West 
A f r i c a in 1989. Resul ts have so fa r been ob ta ined 
f r o m six sites in Ben in , G a m b i a , N iger , and 
N i g e r i a . O v e r a l l , JL 24 was the best y ie lder and 
C r o p I m p r o v e m e n t i n W e s t A f r i c a 
Cultivar Trials 
182 Groundnut 
T a b l e 2 2 . M e a n seed y i e l d s o f s o m e e n t r i e s i n t h e S A D C C R e g i o n a l G r o u n d n u t V a r i e t y T r i a l s 
( s e q u e n t i a l l y b r a n c h i n g [ V a l e n c i a t y p e ] ) , 1 9 8 8 / 8 9 . 
E n t r y 
l C G M 285 
l C G M 284 
I C G M 189 
I C G M 281 
I C G M 286 
I C G M 525 
I C G M 550 
I C G M 554 
C o n t r o l 1 3 
C o n t r o l 2 3 
S E 
T r i a l M e a n 
(16 en t r ies ) 
C V (%) 
E f f i c i e n c y 
o v e r R B D (%) 4 
L o c a t i o n 1 a n d m e a n seed y i e l d ( t h a - 1 ) 
1 
1.05 (3 ) 2 
0.88 (7) 
1.66 (1) 
0.95 (5) 
1.00 (4) 
1.15 (2) 
0.90 (6) 
0.78 (9) 
0 .58(16) 
0 .25(15) 
±0.155 
0.77 
4 2 
-
2 
1.59 (2) 
1.46 (6) 
0.97 (9) 
1.45 (7) 
1.74 (1) 
1.53 (5) 
1.58 (3) 
0 .96(10) 
0 .92(11) 
1.56 (4) 
±0.063 
1.11 
12 
100 
3 
0.24(12) 
0.31 (9) 
0.41 (4) 
0.34 (5) 
0 .20(14) 
0.28(10) 
0.33 (8) 
0.44 (3) 
0.54 (2) 
0.78 (1) 
±0.038 
0.33 
23 
133 
4 
1.94 (4) 
2.15 (1) 
1.61 (8) 
1.67 (7) 
1.37(14) 
1.25(15) 
1.41(11) 
2.00 (2) 
1.38(12) 
1.19(16) 
±0.163 
1.62 
20 
190 
M e a n 
1.20 
1.20 
1.16 
1.10 
1.08 
1.06 
1.05 
1.04 
0.72 
0.95 
1 . L o c a t i o n 1 = M a s e r u R e s e a r c h S t a t i o n , L e s o t h o , r a n d o m i z e d - b l o c k d e s i g n , p l o t s ize 14.4 m 2 . 
2 = C h i t e d z e R e s e a r c h S t a t i o n , M a l a w i , q u a d r u p l e - l a t t i c e d e s i g n , p l o t s ize 2 1 . 6 m 2 . 
3 = N g a b u R e s e a r c h S t a t i o n , M a l a w i , q u a d r u p l e - l a t t i c e d e s i g n , p l o t s ize 12.0 m 2 . 
4 = M a l k e r n s R e s e a r c h S t a t i o n , S w a z i l a n d , q u a d r u p l e - l a t t i c e d e s i g n , p l o t s ize 6 .0 m 2 . 
2 . = N u m b e r s i n p a r e n t h e s e s a r e r a n k i n g s o f t h e e n t r i e s . 
3 . = C o n t r o l s 1 a n d 2 a r e M S 8 a n d M S 7 a t l o c a t i o n 1 ; M a l i m b a a n d V a l e n c i a R 2 a t l o c a t i o n 2 ; M a l i m b a a t l o c a t i o n 3 ; a n d J L 2 4 
a t l o c a t i o n 4 . 
4 . R B D = R a n d o m i z e d - b l o c k d e s i g n . 
Groundnut 183 
184 Groundnut 
one o f the mos t w ide l y adap tab le I C R I S A T 
breed ing l ines. 
Intermediate Groundnut Cultivar Tr ia l 
T h i s t r i a l was made u p f r o m breed ing and g e r m -
p lasm l ines tha t had y ie lded we l l i n p rev ious 
seasons. We grew the t r i a l a t three sites in N ige r 
d u r i n g the 1989 ra i ny season. I C G V 86015 gave 
the highest p o d y ie ld overa l l and was ranked in 
the t o p 12 at a l l three sites (Tab le 24). I C G 8361 
( L o n y u n 6101 f r o m T h a i l a n d ) r anked second 
ove ra l l , f o l l o w e d by I C G V s 86529, 87123, 86756, 
I C G V - S M 86725 (a V i rg in ia l ine f r o m the 
S A D C C / I C R I S A T program) and TS 32-1 ranked 
the best c o n t r o l . 
Germplasm Evaluation Trials 
We grew 45 g r o u n d n u t l ines selected in 1988 
f r o m obse rva t i on p lo ts o f recent ge rmp lasm c o l ­
lect ions made in C h a d and S o u t h A m e r i c a in a 
t r i a l a t I S C , Sadore and the I N R A N s ta t i on a t 
B e n g o u , w i t h f o u r c o n t r o l cu l t i va rs . One o f the 
l ines co l lec ted in C h a d , PS 87-500, gave a s ign i f ­
i can t l y h igher p o d y ie ld (2.69 ± 0.177 t ha - 1 ) t h a n 
the best c o n t r o l cu l t i va r , 28-206 (2.00±0.177 t 
h a - 1 ) , a t Sadore and its y ie ld was no t s ign i f -
i can t l y d i f fe ren t f r o m the best c o n t r o l cu l t i va r , 
TS 3 2 - 1 , a t Bengou . 
Groundnut Cultivar Trials f rom Other 
I C R I S A T Programs 
We grew three p r e l i m i n a r y con fec t ionery t r ia ls 
f r o m I C R I S A T Center w i t h a t o t a l o f 132 test 
l ines at Bengou in the 1989 ra iny season. N o n e of 
the test l ines w i t h acceptable shel l ing percentage 
and we l l - f i l l ed g r a i n ou ty ie lded the best c o n t r o l , 
TS 32-1 (a var ie ty in tended f o r o i l e x t r a c t i o n , 
b u t is also used loca l l y f o r con fec t ionery p u r ­
poses). H o w e v e r , some of the test l ines had yields 
c o m p a r a b l e w i t h tha t o f T S 32-1 and m u c h 
bo lde r g r a i n , n o t a b l y I C G V s 88390, 88396, 
88434, and 88435 w i t h 100-seed masses of 87±4.7, 
64±4.7, 64±4.7, and 63±4.7 g , w h e n c o m p a r e d 
w i t h 40±4.7 g f o r TS 3 2 - 1 . 
I n the S A D C C / I C R I S A T reg iona l V i rg in ia 
c u l t i v a r t r i a l , the l ine I C G V - S M 87707 gave a 
s ign i f i can t l y h igher p o d y ie ld (2.96 ± 0.114 t ha - 1 ) 
t h a n a l l o ther l ines except I C G V - S M 85764. 
F o u r o ther l ines, I C G V - S M 85764 (2.66±0.114 t 
h a - 1 ) , I C G V - S M 83708 (2.45 ± 0.114 t h a - 1 ) , 
I C G V - S M 86725 (2.40 ± 0.114 t ha - 1 ) and I C G M 
336 (2.37±0.114 t ha - 1 ) also s ign i f i can t l y o u t -
y ie lded the best c o n t r o l , 28-206, (2.01±0.114 t 
ha - 1 ) . 
Part i t ioning Response to Humid i ty 
I n c o l l a b o r a t i o n w i t h t h e D e p a r t e m e n t d e 
recherche a g r o n o m i q u e o f Ben in , we compared 
the g r o w t h and deve lopment o f f o u r genotypes 
f o r the i r response to the h u m i d i t y o f e n v i r o n ­
ments p reva i l i ng a t I n a (Ben in ) and a t Sadore 
(N ige r ) . T h e d w a r f l ine M H 2 d id no t have the 
r a n k stem g r o w t h that n o r m a l genotypes show a t 
I na . Th i s d w a r f a t t r i bu te shou ld p rov ide h igher 
y ie ld potent ia ls ( t h r o u g h h igh pa r t i t i on i ng ) f o r 
g r o u n d n u t s g r o w n i n the h u m i d regions o f the 
w o r l d . 
U t i l i z a t i o n of W i l d Arachis Species 
Fer t i l e progenies f r o m crosses of A. hypogaea 
w i t h A. sp 30085 and of A. hypogaea w i t h 
A. chacoense, b o t h w i l d species resistant to 
E L S , were selfed o r backcrossed to advanced 
b reed ing l ines adapted to cond i t i ons i n M a l a w i . 
Progenies have been sent to the I C R I S A T 
Reg iona l Center , M a l a w i , f o r screening f o r E L S . 
In o rde r to t rans fer genes f r o m species in sec­
t i o n Erecto ides, hyb r ids have been p roduced 
w i t h d i p l o i d species i n sect ion A rach i s us ing i n 
v i t r o cu l tu re to rescue embryos tha t w o u l d have 
abo r ted i f le f t on the p lan t . H y b r i d s of A. batizo-
coi w i t h b o t h A. sp 30003 and A. sp 30126 have 
p roduced f l owers , b u t un iva lents are observed at 
meiosis and the i r po l len fe r t i l i t y is very l ow . A 
t e t r a p l o i d p lan t of A. batizocoi x A. sp 30003 
has been p r o d u c e d . Resistance of these hyb r i ds 
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to E L S has been c o n f i r m e d by detached leaf 
screening techn ique. 
M a n y in tersect iona l hyb r i ds have been p r o ­
duced between species in sect ion Erecto ides, and 
f e r t i l i t y o f the hyb r ids varies between species 
c o m b i n a t i o n s . H y b r i d s have been t reated w i t h 
co lch ic ine to p roduce te t rap lo ids tha t w i l l f ac i l i ­
tate gene t ransfer to A. hypogaea. 
molecu la r we igh t o f the glycerides in the cu l t i v -
ars in th is s tudy was s l igh t l y h igher t h a n the 
repor ted values. 
G r o u n d n u t o i l as an unsa tu ra ted l i p i d is sus­
cept ib le to o x i d a t i o n . T h i s was also ind ica ted by 
the re la t i ve ly h i g h i o d i n e values (g i od ine 
absorbed [100 g] - 1 o i l ) in the f ive cu l t i va rs , w h i c h 
ranged f r o m 91 to 99 (SE ± 1.2). They were w i t h i n 
the repor ted range o f 82-106 . The con t ro ls 
K a d i r i 3 and J 11 had the lowest i od ine va lue 
(91) , i nd i ca t i ng a re lat ive ly l o w concen t ra t i on of 
unsatura ted fa t t y acids. 
O x i d a t i v e r a n c i d i t y in o i l can be measured by 
the pe rox ide va lue. I t i s i m p o r t a n t , especial ly in 
an o i l h a v i n g h i g h concent ra t ions o f unsa tura ted 
f a t t y acids l i ke oleic and l ino le ic acids, as they 
are pa r t i cu l a r l y suscept ible to o x i d a t i o n . The 
p e r o x i d e values o f the f i ve cu l t i va rs ranged f r o m 
6.5 to 9.4 meq kg - 1 ( S E ± 0.59) o i l wh i l e i t was 6.1 
meq kg - 1 f o r K a d i r i 3 and 4.4 m e q k g - 1 f o r J 11 . 
These values were be low the m a x i m u m r ec om-
mended va lue o f 10 meq k g 1 o f o i l . 
Fatty Acid Composition 
T h e fa t t y acid c o m p o s i t i o n o f these cu l t i vars and 
tha t o f the con t ro l s was somewha t va r iab le f o r 
the oleic ac id (37 .1 -44 .7%) and l ino le ic acid 
O i l Q u a l i t y 
We de te rm ined var ious o i l q u a l i t y character is­
t ics o f cu l t i va rs I C G S s 1 , 5 , 11 , 2 1 , and 44, and 
c o m p a r e d t h e m w i t h the con t ro l s K a d i r i 3 and J 
11 . The percentage o f free f a t t y acids, expressed 
as acid va lue , is a measure of the extent of 
hydro lys is tha t has occur red in a fa t . A c i d values 
in these cu l t i va rs , i n c l ud i ng the con t ro l s , ranged 
f r o m 0.10 to 0 .15% (SE ±0.007) and were we l l 
w i t h i n the repor ted range o f 0 .02 -0 .6% f o r 
g r o u n d n u t o i l . The sapon i f i ca t i on va lue ( m g 
K O H g - 1 o f o i l ) i s inversely p r o p o r t i o n a l t o the 
mean mo lecu la r we ight o f the glycer ides o f fa t . 
T h e sapon i f i ca t i on values ranged between 175 
and 184 (SE ±1.8) in the f ive cu l t i vars and i t was 
173 f o r K a d i r i 3, and 185 f o r J 11 . These values 
were l o w e r t h a n the range o f 188-195 repo r ted 
f o r g r o u n d n u t o i l . Th is ind ica ted tha t the mean 
T a b l e 2 5 . F a t t y a c i d c o m p o s i t i o n a n d o l e i c / l i n o l e i c ( O / L ) r a t i o o f h e x a n e e x t r a c t s o f g r o u n d n u t 
seeds, I C R I S A T C e n t e r , r a i n y season 1 9 8 8 1 . 
F a t t y ac id (%) 
P a l m i t i c (16:0) 
S tea r i c (18 :0) 
O le i c (18:1) 
L i n o l e i c (18:2) 
A r a c h i d i c (20 :0) 
E i coseno i c (20 :1) 
Behen ic (22 :0) 
L i g n o c e r i c (24:0) 
O / L r a t i o 
I C G S 1 
12.8 
2.2 
37 .1 
39 .0 
1.4 
1.4 
3 .2 
1.8 
0.96 
I C G S 5 
12.5 
2 .2 
37.2 
39 .2 
1.4 
1.4 
3.3 
1.8 
0.95 
I C G V 
87123 
( I C G S 11) 
12.5 
2 .1 
37 .2 
39 .4 
1.4 
1.4 
3.2 
1.7 
0.95 
I C G S 2 1 
11.6 
2.7 
44 .7 
33 .7 
1.4 
1.3 
2.9 
1.3 
1.35 
I C G V 
87128 
( I C G S 44) 
12.5 
2.2 
37.5 
39.0 
1.4 
1.4 
3.3 
1.8 
0.96 
C o n t r o l s 
K a d i r i 3 
14.2 
2.3 
37.1 
38.7 
1.4 
1.4 
3.2 
1.7 
0.96 
J 11 
12.4 
5.6 
40 .4 
32.5 
2.4 
0.9 
4.0 
1.4 
1.25 
S E 
±0 .30 
±0.48 
±1.09 
±1 .11 
±0 .14 
±0.08 
±0 .12 
±0.08 
±0 .064 
1 . M e a n s o f t h r e e r e p l i c a t i o n s . 
T a b l e 2 6 . M i n e r a l s a n d t r a c e e l e m e n t c o m p o s i t i o n o f g r o u n d n u t seeds ( m g [ 1 0 0 g ] - 1 ) , I C R I S A T 
C e n t e r , r a i n y s e a s o n 1 9 8 8 1 . 
C u l t i v a r 
I C G S 1 
I C G S 5 
I C G V 87123 
( I C G S 11) 
I C G S 2 1 
I C G V 87128 
( I C G V 44 ) 
C o n t r o l s 
K a d i r i 3 
J 11 
R e c o m m e n d e d 
a l l o w a n c e 2 
S E 
P h o s p h o r u s 
345 
352 
357 
366 
345 
550 
370 
800 
±25.1 
P o t a s s i u m 
512 
530 
525 
514 
513 
600 
538 
-
±17.9 
C a l c i u m 
62 
53 
74 
5 2 
63 
58 
6 7 
800 
±2.9 
M a g n e s i u m 
197 
211 
202 
2 0 1 
195 
189 
206 
350 
3 -4 .4 
Z i n c 
3.16 
3.02 
3.06 
3.19 
2 .86 
3.52 
3.20 
15 
±0.077 
C o p p e r 
0.77 
0.77 
0.80 
0 .80 
0.70 
0.91 
0.77 
2 - 3 
±0 .024 
I r o n 
4.30 
4.72 
3.83 
4 .37 
5.05 
4.10 
3.61 
10 
±0.188 
M a n g a n e s e 
1.12 
1.23 
1.11 
1.26 
1.31 
1.26 
1.02 
2 . 5 - 5 
±0 .040 
1 . M e a n s o f t h r e e r e p l i c a t i o n s . 
2 . R e c o m m e n d e d d a i l y d i e t a r y a l l o w a n c e f o r a n a d u l t m a l e , N a t i o n a l A c a d e m y o f S c i e n c e s , U S A ( 1 9 8 0 ) . 
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(32 .5 -39 .4%) concent ra t ions (Tab le 25). I t may 
be no ted t ha t the concen t ra t ions o f oleic and 
l i no le i c acids were the lowest in con t ro l s K a d i r i 3 
a n d J 1 1 , s im i l a r to the da ta ob ta ined on the 
i o d i n e values o f these cu l t i va rs . The 0 / L r a t i o i s 
i m p o r t a n t in i n f l uenc ing the s tab i l i t y o r shelf l i fe 
of an o i l . A m i n i m u m r a t i o of 1.6 has been 
recommended f o r g r o u n d n u t bu t none o f the 
cu l t i va rs n o r the t w o con t ro l s a t ta ined th is m i n ­
i m u m . I C G S 2 1 had the m a x i m u m O / L ra t i o o f 
1.35 w h i c h was s ign i f i can t l y h igher t h a n the 
r e m a i n i n g cu l t i vars (P <0 .05 based on Duncans 
M u l t i p l e Range Test) . A p a r t f r o m oleic and 
l i no le i c ac ids, the o ther p r e d o m i n a n t fa t t y ac id 
in g r o u n d n u t is pa lm i t i c acid and these three 
together accounted f o r m o r e t h a n 8 5 % (range 
85 .2 -90 .1%) o f t o t a l f a t t y acids. Stear ic acid was 
unusua l l y h i gh in J 1 1 , wh i l e pa lm i t i c acid was 
the highest in K a d i r i 3 , a m o n g the seven c u l t i ­
vars. T h e concen t ra t i on o f f a t t y acids hav ing 20 
or more ca rbon atoms ( shown w i t h i n pa ren ­
theses in T ab le 25) was genera l ly l o w in a l l the 
g r o u n d n u t cu l t i va rs and d i d n o t show apprec ia­
ble v a r i a t i o n except in the case of J 11. 
Minerals and Trace Elements 
A l t h o u g h g r o u n d n u t i s usua l ly associated w i t h 
the supp ly o f o i l and p ro te i n i n the h u m a n d ie t , i t 
is also a reasonably good source of minera ls and 
t race elements, especial ly phosphorus and m a g ­
nes ium (Tab le 26). I t i s n o t e w o r t h y tha t , a m o n g 
the seven cu l t i va rs , K a d i r i 3 con ta ined the h i g h ­
est a m o u n t o f phosphorus , po tass ium, z inc, and 
copper . 
C o o p e r a t i v e Ac t i v i t i es 
C o o p e r a t i o n w i t h A I C O R P O a n d 
O t h e r P r o g r a m s i n I n d i a 
Yie ld Tr ia ls 
A t I C R I S A T Center, w e c o n d u c t e d f o u r 
A I C O R P O t r ia ls composed o f 47 entr ies d u r i n g 
the 1988/89 pos t ra iny season and seven t r ia ls of 
106 entr ies d u r i n g the 1989 ra iny season. The 
I n t e r n a t i o n a l T r ia ls 
a n d O b s e r v a t i o n Nurser ies 
We con t i nued to supp ly sets o f va r ious i n te rna ­
t i o n a l t r ia ls o f b o t h the t h i r d and f o u r t h series i n 
1989. D u r i n g the year, we supp l ied a t o t a l o f 37 
sets of t r ia ls to 15 count r ies . These inc lude 10 sets 
o f I n t e r n a t i o n a l E a r l y - m a t u r i n g G r o u n d n u t 
Va r i e ta l T r i a l ( I E G V T ) , seven sets o f I n te rna ­
t i o n a l F o l i a r Diseases Resistance G r o u n d n u t 
V a r i e t a l T r i a l ( I F D R G V T ) , s ix sets each o f 
I n t e r n a t i o n a l M e d i u m - a n d L a t e - m a t u r i n g 
G r o u n d n u t Va r i e t a l T r i a l ( I M L G V T ) and In te r -
n a t i o n a l C o n f e c t i o n e r y G r o u n d n u t V a r i e t a l 
T r i a l ( I C G V T ) , f i ve sets o f I n t e r n a t i o n a l Insect 
Pest R e s i s t a n c e G r o u n d n u t V a r i e t a l T r i a l 
( I I P R G V T ) , and three sets o f ( I n t e rna t i ona l 
D r o u g h t Resistance G r o u n d n u t Va r i e ta l T r i a l 
( I D R G V T ) . 
In a d d i t i o n , we supp l ied 723 advanced b reed­
i ng l ines to coopera to rs in 20 count r ies and 67 
segregat ing popu la t i ons t o T h a i l a n d and M y a n -
mar . D u r i n g the year we received da ta f o r 21 
t r ia ls . 
E a r l y - m a t u r i n g G r o u n d n u t V a r i e t a l T r i a l 
Severa l selected e a r l y - m a t u r i n g l ines ou ty ie lded 
the loca l c o n t r o l var iet ies in d i f fe ren t count r ies . 
A m o n g t h e m , I C G V 86015 ou ty ie lded the loca l 
var iet ies i n Bangladesh, B e n i n , G a b o n , M a l a w i , 
N e p a l , Ph i l i pp ines , T h a i l a n d , and V i e t n a m . I n 
a d d i t i o n to th is va r ie ty , I C G V s 86056, 86072, 
and 86061 were iden t i f i ed as w ide ly adapted 
e a r l y - m a t u r i n g paren ta l l ines f o r the nex t cycle 
o f h y b r i d i z a t i o n ac t i v i t y a t I C R I S A T Center. 
Resul ts received d u r i n g 1989 on the I E G V T 
f r o m V i e t n a m ind ica ted tha t 14 var iet ies o u t -
y ie lded the loca l var ie ty , Sen N ighe A n . I C G V 
86055 was the h ighes t -y ie ld ing var ie ty w i t h 2.91 
±0.03 t h a - 1 o f d r y pods w i t h a she l l ing percen­
tage o f 78, wh i l e Sen N ighe An p roduced 2.22 t 
h a - 1 . 
M e d i u m - and La te -matur ing 
G r o u n d n u t Var ie ta l T r i a l 
I n the S u d a n , I C G V 87141 gave the highest p o d 
y ie ld o f 5.59±0.47 t ha - 1 w i t h 7 4 % shel l ing per ­
centage whereas the loca l c o n t r o l , A s h f o r d , p r o ­
duced 4.77 t h a 1 w i t h 6 1 % shel l ing percentage. 
I C G V 87141 may soon be released in the S u d a n . 
I t has also done we l l in N iger . 
In M y a n m a r , 15 var iet ies at Y e z i n and three 
var iet ies a t M a g w e , ou ty ie lded the loca l c o n ­
t ro l s . I C G V 87129 a t M a g w e p roduced the h i g h ­
est p o d y ie ld of 1.95 compared to 1.02 ± 0.25 t h a - 1 
o f S inpadetha . 
S i x var iet ies i n V i e t n a m recorded p o d yields i n 
the range of 3.34 to 3.51±0.13 t h a - 1 , s im i l a r to 
Release and Seed Supply o f I C R I S A T 
M a t e r i a l 
D u r i n g the year, the Cen t ra l S u b - C o m m i t t e e on 
Release o f Var ie t ies o f the G o v e r n m e n t o f I n d i a 
f o r m a l l y no t i f i ed the release o f var ie ty I C G V 
87141 f o r ra iny-season c u l t i v a t i o n in southern 
M a h a r a s h t r a , A n d h r a Pradesh (except n o r t h 
coastal d is t r ic ts ) , K a r n a t a k a , T a m i l N a d u , and 
Kera la . 
We supp l ied large quant i t ies o f breeders ' seed 
of e ight released and prerelease var iet ies to n ine 
seed m u l t i p l i c a t i o n agencies in I n d i a . In a d d i ­
t i o n , 983 samples o f advanced breed ing l ines 
wen t to 78 loca t ions , and 286 segregat ing p o p u ­
la t ions to 17 locat ions in I n d i a . 
188 Groundnut 
p o d y ie lds in the post ra iny-season t r ia ls ranged 
f r o m 1.37±0.13 to 3.23±0.18 t h a - 1 , whereas the 
p o d y ie lds in the ra iny season ranged f r o m 
2.40±0.17 to 0.46 ± 0.09 t ha - 1 . 
C u r r e n t l y , we have 29 I C R I S A T var iet ies in 
the ra iny-season A I C O R P O t r ia ls and 11 I C R I -
S A T var iet ies in the post ra iny-season t r ia ls . Va-
r iet ies i n the f i n a l stages o f e v a l u a t i o n d u r i n g 
r a i ny season are I C G V 86015 in the n o r t h e r n 
zone, and I C G V s 86010, 86005, 86699, 87780, 
and 87184 in the pen insu lar zone. S i m i l a r l y , 
I C G V 86309 and I C G V 87189 are i n the f i n a l 
stages o f tes t ing in the 1989/90 post ra iny-season 
t r ia ls . 
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Insect Pest Resistance 
G r o u n d n u t Var ie ta l T r i a l 
I n the t r i a l conduc ted a t A g r i c u l t u r a l Research 
Ins t i t u te , Yez in , M y a n m a r , I C G V 86029 p r o ­
duced a 6 0 % h igher p o d y ie ld t h a n the loca l 
c o n t r o l , S inpadetha. 
In the Ph i l i pp ines , I C G V 86527 produced a 
p o d y ie ld o f 4.29 t ha - 1 w h i c h was h igher t h a n 
t ha t o f the h ighes t -y ie ld ing c o n t r o l , B P I Pn-6 
(3.74 ± 0.480 t ha-1). 
Confect ionery G r o u n d n u t Var ie ta l T r i a l 
I n the S u d a n , I C G V 86552 had h igher p o d y ie ld 
of 6.26 t ha- 1 t h a n the 5.71±0.44 t ha"1 of the 
h ighes t -y ie ld ing c o n t r o l , K i r i z . I t had a 100-seed 
mass s im i la r to tha t o f K i r i z . 
I C G V 86028 has done we l l i n N iger f o r the last 
2 years. Several con fec t ionery var iet ies in V ie t ­
n a m recorded p o d yields i n the range o f 2 .5-3 .2 t 
ha -1 and 100-seed masses of 60 -80 g. 
I n C y p r u s , I C G V 86553 p roduced o n average, 
9 .6% m o r e seed t h a n the loca l c o n t r o l in 5 years 
of tes t ing and i t may be released soon. Several 
new con fec t ionery variet ies in a p r e l i m i n a r y c o n ­
fec t ionery g r o u n d n u t nursery i n Cyprus had 
h i g h seed y ie lds in the range of 6 .04-7.90 t h a - 1 
and 100-seed masses between 102-127 g c o m -
pared w i t h an average seed y ie ld o f 5.07 t ha - 1 o f 
the loca l var ie ty w i t h a 100-seed mass of 92 g. 
I n M a l a y s i a , I C G V 86564 (71 g ) and I C G V 
86577 (77 g) recorded better 100-seed masses as 
against 56 g o f the l oca l va r i e t y , C h i n a I , and 
gave s im i la r seed yields as tha t of loca l c o n t r o l . 
Fol ia r Diseases Resistance Groundnut 
Var ie ta l T r i a l 
At Bengou , N iger , six fo l iar-disease resistant 
var ie t ies, I C G V s 87185, 87183, 87156, 87160, 
87172, and 87157, ou ty ie lded the loca l suscept i ­
ble cu l t i var . 
In V i e t n a m , six fol iar-disease resistant v a r i ­
eties gave h igher pod yields t han the loca l c u l ­
t i va r , T r a m X u y e n . The best en t ry , I C G V 87158, 
gave 1.70 t h a 1 p o d y ie ld compared w i t h 1.40 t 
ha - 1 o f the c o n t r o l . 
In the Ph i l i pp ines , I C G ( F D R S ) 11 has been 
p r o m o t e d to the advanced y ie ld t r i a l a t the Ins t i -
tu te o f P lan t Breeding. I n the T h i r d I F D R G V T , 
six fo l iar-disease resistant variet ies outy ie lded 
the loca l c o n t r o l , B P I Pn-9 . I C G V 87184 gave 
the highest p o d y ie ld of 3.06 t ha - 1 compared 
w i t h 1.45±0.40 t ha - 1 of B P I Pn-9 . 
A t Yez in , M y a n m a r , eight variet ies outy ie lded 
the loca l c o n t r o l var ie ty , ' S m a l l Japanese'. The 
h ighes t -y ie ld ing var ie ty was I C G V 87183 w i t h 
223% more p o d y ie ld t han S m a l l Japanese. At 
M a g w e , another l oca t i on in M y a n m a r , 12 va r i -
eties ou ty ie lded the same loca l c o n t r o l . The best 
var ie ty , I C G V 87175, ou ty ie lded Sma l l Japanese 
by 130%. 
In the Sudan, I C G V 87182 produced 4.84±0.37 
t h a - 1 , whereas the loca l c o n t r o l var ie ty , K i r i z , 
gave 4.4 t ha - 1 and the shel l ing percentage was 
also h igher in I C G V 87182 (62.5%) compared 
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So i l Fac tors A f f e c t i n g R o o t Deve lop ­
ment in a Ver t i c Incept iso l 
W i n d E ros ion 
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Climate Change and Implications 
to Agriculture in Niger 
In count r ies such as N iger , w i t h a p r e d o m i n a n t l y 
agrar ian economy , economic deve lopment can 
be hampered by the impac t o f c l imat ic c o n ­
stra ints on agr icu l tu re p r o d u c t i o n . Prev ious 
analysis of the Sahel ian ra in fa l l shows a sharp 
contrast before and after 1950. W h i l e some ana­
lysts predic ted a con t inued d o w n w a r d t rend in 
r a i n f a l l , others have argued that there is no i n d i ­
ca t ion of a c l imat ic change. M o s t of these studies 
were based on m o n t h l y ra in fa l l to ta ls . 
In assessing the impac t o f ra in fa l l changes on 
agr i cu l tu re p r o d u c t i o n , we recognized that one 
m o n t h is t oo l ong to index c rop responses accu­
ra te ly . Hence we obta ined da i ly l ong - te rm r a i n ­
fa l l da ta f r o m 21 stat ions in Niger to determine 
possible changes in the Sahel ian ra in fa l l and 
the i r effects on c rop p r o d u c t i o n . 
F ive-year m o v i n g averages were calculated to 
determine changes in annua l and m o n t h l y r a i n ­
fa l l pat terns. Ra in fa l l t i m i n g (dates of onset and 
end of ra ins) and growing-season length were 
compu ted using a procedure described earl ier 
( l C R l S A T A n n u a l Repo r t 1986, p . 264). Stat is­
t ics , such as the average in te rva l between ra iny 
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c ip l i na ry base to more d i f f i cu l t but more reward ­
ing ef for ts by in terd isc ip l inary teams; and f i na l l y , 
more d ispers ion o f Resource Management act iv­
i t ies to the N a t i o n a l A g r i c u l t u r a l Research Sys­
tem (N A R S ) in As ia (as ou r c o n t r i b u t i o n to the 
w o r k o f the As ian G ra i n Legumes N e t w o r k 
[ A G L N ] ) and t o eastern and southern A f r i c a t o 
s t rengthen ex is t ing I C R l S A T w o r k on cereals 
and legumes there. Some of these changes in 
emphasis are apparent in the repor t that fo l l ows . 
The impac t o f others w i l l appear by degrees in 
the subsequent years. 
F o r the Resource Management P r o g r a m ( R M P ) , 
1989 was no tab le fo r the a m o u n t o f e f for t 
devo ted to assessing progress, agreeing on re­
search tact ics f o r the immedia te fu tu re , and 
deve lop ing a strategy fo r the next decade. 
In N o v e m b e r 1989, the P r o g r a m held a G loba l 
In -house Rev iew, w h i c h d i f fe red f r o m ear l ier 
reviews because themes rather t han projects 
were chosen f o r presentat ion and discussion. 
T h e rev iew was ' g l o b a l ' in the sense tha t i t was 
a t tended by staf f f r o m the I C R I S A T Sahel ian 
Center ( I S C ) , Sadore , N ige r , and f r o m M a l i , as 
we l l as f r o m I C R I S A T Center. 
Resource Managemen t P r o g r a m staff have 
c o n t r i b u t e d d u r i n g the year to the Inst i tu te 's 
Strategic P lan and especially to sections c o n ­
cerned w i t h the a l l oca t i on o f research resources 
and p r io r i t i es f o r ' e n v i r o n m e n t ' research on ou r 
mandate crops. 
Since the P r o g r a m was f o rmed in 1985 (by an 
a m a l g a m a t i o n o f F a r m i n g Systems and Eco­
nomics P rog rams) , several shifts in emphasis 
have occur red : f r o m soi l -centered research to 
c rop-centered research in w h i c h we treat p lants 
as systems adapted to cap tu r i ng resources f r o m 
b o t h soi l and a tmosphere; f r o m the deve lopment 
o f techno log ica l packages based on emp i r i ca l 
evidence to the e x a m i n a t i o n of processes and 
mechanisms that a l l ow components o f t echno l ­
ogy to be ta i l o red more precisely to speci f ied 
env i ronmen ts ; and f r o m site-specific stat ist ical 
re la t ions between t reatments and yields to c o m ­
puter models s imu la t i ng the in te rac t ion o f phy­
s io logical processes w i t h env i ronmenta l cont ro ls . 
We have moved away f r o m con t inuous m o n i t o r ­
i ng o f f a r m and househo ld ac t iv i ty i n i n d i v i d u a l 
v i l lages to per iod ic upda t i ng o f records f r o m 
b e n c h m a r k sites to documen t the adop t i on or 
re jec t ion o f I C R I S A T techno logy a long w i t h 
changes in p r o d u c t i v i t y and income; f r o m o n -
site analysis o f p r o d u c t i o n const ra in ts to v i l lage-
level d iagnos t ic surveys and p lo ts ; f r o m research 
whose app l i ca t ions are l im i t ed by a n a r r o w d is-
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days , were compu ted us ing the R A I N S T A T 
c o m p u t e r p r o g r a m developed a t I S C . 
R a i n f a l l i n N iger i s m o n o m o d a l w i t h over 8 0 % 
o f the annua l ra in fa l l i n Ju l y , Augus t , and Sep­
tember . M o v i n g averages were p lo t t ed to estab­
l ish the re la t i onsh ip between ra i n fa l l in these 
three m o n t h s and annua l r a i n fa l l . D a t a f r o m 
F i l ongue ( l o n g - t e r m average annua l ra in fa l l 460 
m m ) show a p r o n o u n c e d decl ine in annua l r a i n ­
fa l l f r o m mid - f i f t i es to the present ( F i g . 1). The 
A u g u s t r a i n f a l l pat terns closely f o l l o w a n n u a l 
t rends , bu t the September r a i n f a l l increased 
f r o m 1981 to 1985. 
I n v iew o f the impo r t ance o f the A u g u s t r a i n ­
f a l l i n c r o p p r o d u c t i o n , 16 s ta t ions in N ige r w i t h 
c o m p a t i b l e records f o r 1944-88 were selected 
and m o v i n g averages p l o t t ed . At 12 of the 16 
loca t ions , r a i n fa l l decreased over the 1965-88 
pe r iod ( F i g . 2). Howeve r , a t the r ema in i ng f o u r 
loca t ions ( N i a m e y , Dosso , Say, and Gaya) r a i n ­
fa l l increased after 1984. 
In v iew of the observed decl ine in r a i n fa l l a t 12 
s ta t ions af ter 1964, the da ta were d i v i ded i n t o 
t w o per iods (1945-64 a n d 1965-88) . Va r i a t i ons 
in the average dates o f onset and end o f ra ins and 
the g rowing-season leng th were c o m p u t e d . F o r 
selected locat ions in N ige r af ter 1964, the onset 
o f ra ins was delayed at a l l bu t f o u r sites (Agadez , 
B i r n i N ' K o n n i , Gaya , and T a n o u t ) . F u r t h e r , 
a f ter 1964, the ra ins s topped sooner at a l l loca­
t i ons except a t Z i nde r . A t mos t loca t ions the 
de layed onset and ear ly end of ra ins af ter 1964 
resul ted in a sho r ten ing of the g r o w i n g season 
f r o m 5 to 20 days. 
To q u a n t i f y th is change, t o t a l r a i n f a l l , number 
o f r a i ny days, a m o u n t o f r a i n per ra iny day , and 
the average d u r a t i o n between ra iny days were 
compared f o r the t w o per iods. 
A f t e r 1964, ra ins became less f requent and the 
v o l u m e o f r a i n per s t o r m decreased. These 
changes are m o r e p ronounced in Augus t when 
so i l mo is tu re i s c r i t i ca l f o r c rop g r o w t h and p r o ­
d u c t i o n . F o r pear l m i l l e t (Penn ise tum glaucum 
[ L . ] R . Br . ) sown in ear ly to m i d - J u n e , less r a i n ­
f a l l i n A u g u s t w i l l impose stress when the p lants 
f l owe r and the i r g ra in i n i t i a t i o n begins. 
We exam ined the effect o f reduced r a i n f a l l i n 
A u g u s t on pear l m i l le t by p l o t t i n g i n i t i a l re la t ive 
Figure 1. Moving monthly (July, August, September) and annual values of mean rainfall for 1938-90 measured at 
Filingue, Niger. 
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g r o w t h rates ( R G R ) d u r i n g t w o seasons w i t h 
s im i la r r a i n f a l l amoun ts up to the end o f Ju ly bu t 
d i f fe ren t r a i n f a l l amoun ts i n Augus t . A t Dosso , 
N ige r , w i t h 57 mm o f ra in fa l l i n Augus t 1984 
(227 mm long - te rm mean) , the reduced R G R 
was less t h a n tha t in 1986 when ra in fa l l was 183 
mm ( F i g . 3). These results suppor t studies a t 
I C R I S A T Center wh i ch showed that when stress 
of 10-20 days cont inues af ter f l o w e r i n g , y ie ld is 
severely reduced. I f th is stress ends at the t ime of 
or before f l o w e r i n g , y ie ld loss is usual ly smal l . 
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Figure 2. Moving mean August rainfall values measured at Theavusus, Tahoue, Dogondwkhl, Birni N'Konni, and 
Maire Sores in Niger from 1944 to 1984. 
Figure 3. Relationship between relative growth rate 
(RGR) of pearl millet and days after sowing in 1984 
and 1986 at Dosso, Niger. 
suffer f r o m a lack o f da ta f o r c a l i b r a t i o n ; and 
m o r e accurate i n f o r m a t i o n is needed on the 
energy and water balance of vegetated and bare 
soi l surfaces. 
Widespread degrada t ion o f savannah vegetat ion 
in some areas o f semi -ar id A f r i c a has n o w 
reached a p o i n t where large areas of bare soi l 
appear between vegetat ion. The p r o p o r t i o n o f 
bare so i l is a measure of the degree of degrada­
t i o n . M o d e l s o f the Sahel ind icate tha t r e m o v i n g 
vege ta t ion m a y m o d i f y the c l imate such tha t 
r a i n f a l l w o u l d get reduced. Howeve r , models 
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I n c o l l a b o r a t i o n w i t h the Ins t i t u te o f H y d r o l ­
ogy , U K , w e conduc ted exper iments o n f a l l o w 
bush land and on soi l c o n t a i n i n g pear l m i l l e t 
s tubb le . T h e f a l l o w bush land consisted of a 
m i x e d c o m m u n i t y o f l eguminous and grass spe­
cies, w o o d y shrubs, and occas iona l trees. E v a p o ­
r a t i o n was measured us ing a ' H y d r a ' (vers ion 
M K 2 ) . Ne t r a d i a t i o n was measured us ing d o m e 
net rad iomete rs . Changes in re f lec t ion f r o m a 
bare sandy so i l were measured every h o u r , us ing 
a lbedometers , over three days in the d r y season 
( M a y ) af ter i n i t i a l so i l sa tu ra t i on . 
W h e n the so i l surface was d r y , net r a d i a t i o n 
over the bush land was abou t 2 0 % m o r e than tha t 
over bare so i l . Immed ia te l y f o l l o w i n g ra in fa l l o f 
39 mm on one occas ion , net r a d i a t i o n over the 
b u s h l a n d was f o u n d to be o n l y 12% m o r e t h a n 
tha t over d r y so i l ( F i g . 4) . 
T o t a l da i l y ac tua l and po ten t i a l evapora t ions 
f o r a sequence of 6 days ind ica te a greater p o t e n ­
t i a l e v a p o r a t i o n f o r the bush land because o f i ts 
h igher net r a d i a t i o n ( F i g . 5). D u r i n g the f i r s t 
three days , ac tua l e v a p o r a t i o n f r o m b o t h so i l 
and bush land decreased despite increasing po ten ­
t i a l evapo ra t i on . 
F o l l o w i n g r a i n , evapo ra t i on f r o m the soi l 
increased even t h o u g h po ten t i a l evapo ra t i on 
decreased. The ra t i o o f ac tua l to po ten t i a l evap­
o r a t i o n was very s imi la r f o r b o t h sites on a l l 
days, except f o r the one i m m e d i a t e l y f o l l o w i n g a 
r a i n s t o r m . 
Di f ferences in net r a d i a t i o n can result f r o m 
changes in a lbedo a n d / o r surface tempera ture . 
Over f u l l y wet ted bare so i l , the a lbedo was 0.24 
( F i g . 6) , r i s ing over a 3-day pe r iod to abou t 0.38 
as the so i l d r i e d . T h e a lbedo of savannah vegeta­
t i o n in n o r t h e r n N iger ia has been repor ted 
a p p r o x i m a t e l y as 0.19. These values c o u l d ex­
p l a i n di f ferences in net r a d i a t i o n observed in th is 
s tudy. Fu r t he r , day t ime surface temperatures o f 
bare so i l are expected to be greater t h a n those of 
the bush land . 
Figure 4. Comparison of net radiation measured over fallow bushland and bare soil on three days in 1989 at ISC, 
Sadore, Niger. 
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ers ' c rop r o t a t i o n pract ices in three agroc l imat ic 
regions o f India 's semi-ar id t rop ics ( S A T ) . F a r m ­
ers in the s tudy areas are f u l l y aware of the 
advantages o f c rop ro ta t ions and t r y to pract ice 
them (Table 1). A g r o n o m i c considerat ions, wh ich 
gu ide t h e m in c rop r o t a t i o n decisions inc lude 
main tenance o f soi l f e r t i l i t y , c o n t r o l o f so i lborne 
diseases, benef ic ia l res idual effects of certa in 
c rops , and p ro tec t i on o f so i l by per iod ic fa l l ow­
i ng . Ba lanc ing f o o d and cash suppl ies and p ro ­
tec t ing subsistence needs over t ime are other 
p r i m a r y considerat ions. 
A st r ic t sequencing of c rop ro ta t i ons to satisfy 
these requ i rements is n o r m a l l y not possible. For 
instance, fa rmers in the Sho lapu r reg ion believe 
in the benef ic ia l effects of a cereal- legume ro ta ­
t i o n bu t succeed in p u t t i n g tha t bel ief i n to prac­
t ice on ly in 1 out of 4 years (Tab le 1). 
Di f ferences in the a m o u n t and d i s t r i bu t i on o f 
r a i n f a l l , especial ly d u r i n g sow ing , prevent adop­
t i o n of a str ict r o t a t i o n . M o r e recent ly , a number 
of o ther factors have emerged that mi l i ta te 
against t r ad i t i ona l land-extensive c rop ro ta t ions . 
Increas ing land pressure makes i t mo re d i f f i cu l t 
to rest o r f a l l o w land before c r o p p i n g . Increased 
exposure to marke t forces has induced farmers 
to pay greater a t ten t ion to pr ice signals in the i r 
c r o p p i n g decisions than to c rop r o t a t i o n requi re-
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Figure 5. Actual and potential evaporation from fallow bushland and bare soil before and after rainfall in 
September 1986 at ISC, Sadore, Niger. 
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Figure 6. Change in bare soil albedo measured in 1989 
for 3 days following an initial soil wetting and soil 
volumetric moisture content (VMC) in the top 25 and 
15 mm soil layers at ISC, Sadore, Niger. 
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T a b l e 1 . P e r c e n t a g e o f f a r m e r s f o l l o w i n g c r o p -
p i n g p a t t e r n s i n t h r e e a g r o c l i m a t i c z o n e s o f 
I n d i a . 
P a r t i c u l a r s 
C r o p p i n g events 1 
( n u m b e r ) 
P r o p o r t i o n o f c r o p ­
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1 . T h e e v e n t s i n c l u d e o n l y cases w h e r e c r o p s w e r e s o w n a s 
so le c r o p s a n d / o r base c r o p s o f t h e i n t e r c r o p p i n g sys tems . 
meri ts. Occas iona l i n s t i t u t i o n a l in te rven t ions , 
such as admin is te red pr ices, levies imposed on 
p roduce rs , and m o n o p o l y p rocu remen t o f p r o ­
duce by the state, also induce f requent changes in 
c r o p p i n g decis ions, w h i c h are o f ten inconsis tent 
w i t h c r o p r o t a t i o n needs. 
In b r ie f , c r o p p i n g decis ions are a d y n a m i c 
m i x t u r e o f de l iberate e f fo r ts to ro ta te crops and 
ad jus tments fo rced by weather and o ther c i r ­
cumstances. Techno log ica l improvements in c rop 
r o ta t i ons there fore need to be sensit ive to the 
above fac to rs i n o rder t o m a x i m i z e the i r a d o p ­
t i o n po ten t i a l . 
Vi l lage- leve l S tudies , M a l i 
Unders tand ing p roduc t i on behavior and resource 
u t i l i z a t i o n pat terns o f sma l l ho lde r fa rmers i n 
West A f r i c a n S e m i - A r i d T rop i cs ( W A S A T ) i s 
cen t ra l to deve lop ing technologies to sui t the i r 
p r o d u c t i o n e n v i r o n m e n t . We star ted a v i l lage-
level s tudy ( V L S ) p r o g r a m in the West A f r i c a n 
S o r g h u m I m p r o v e m e n t P r o g r a m ( W A S I P ) 
( M a l i ) designed to : (1) character ize p r o d u c t i o n 
pat terns i n M a l i and iden t i f y the p roduc t i v i t i es 
o f resources in d i f fe rent c r o p p i n g systems prac­
t iced by fa rmers ; and (2) d iagnose const ra in ts to 
increased p r o d u c t i v i t y w i t h fa rmers ' resource 
e n d o w m e n t s , techn ica l feas ib i l i t y under o n - f a r m 
stress c o n d i t i o n s , and economic p r o f i t a b i l i t y 
under f a rme r s ' management . A t o t a l o f f o u r v i l ­
lages, one located in the sudano-sahe l ian zone, 
t w o in the Sudan ian zone, and one in the n o r t h ­
ern Gu inea zone, was selected. E igh ty fa rmers 
(20 per v i l lage s t ra t i f ied by level o f an ima l t rac­
t i o n [ A T ] use [ m a n u a l t i l lage and o x e n t i l lage] ) 
were selected f o r m o n i t o r i n g . 
C r o p p i n g intensi t ies were de te rm ined across 
zones to unders tand changes in p r o d u c t i o n pa t ­
terns. I n the Sudan ian zone, c r o p p i n g in tens i ty 
i n r e l a t i o n to t o t a l cu l t i va ted areas was 5 0 % f o r 
s o r g h u m (Sorghum bicolor [ L . ] M o e n c h ) , 2 4 % 
f o r pear l m i l l e t , 5% f o r r ice (Oryza sativa L . ) , 
and 1% f o r maize (Zea mays L . ) . R ice and 
maize , however , ga in impo r tance w i t h the t rans i ­
t i o n i n t o the n o r t h e r n Gu inea zone, where r ice 
accounts f o r 2 6 % and maize f o r 6% o f cu l t i va ted 
area. S o r g h u m intensi t ies were also h i g h in the 
n o r t h e r n Gu inea zone. Howeve r , pear l m i l l e t 
c r o p p i n g in tens i ty d imin ishes f r o m 2 4 % o f t o t a l 
cu l t i va ted area i n the Sudan ian zone to 4% in the 
n o r t h e r n Gu inea zone. A l t h o u g h the area sown 
to maize increased in the n o r t h e r n Gu inea zone, 
maize remains a m i n o r c r o p , c o n t r a r y to the 
w ide l y he ld v iew tha t i t i s d isp lac ing s o r g h u m in 
the t r a n s i t i o n and n o r t h e r n Gu inea zones. W h i l e 
m a j o r p r o d u c t i o n gains have been made (maize 
y ie lds are 2 -3 t imes greater t h a n s o r ghum yields) 
s o r g h u m remains the m a j o r c rop f o r ag r i cu l t u ra l 
househo lds i n b o t h the S u d a n i a n and the n o r t h ­
e rn Gu inea zones. The reasons f o r th is are: (1) 
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the loca l taste preference f o r s o r g h u m ' to ' , and 
(2) bet ter re lat ive adap ta t i on of so rghum to 
water stress and l o w so i l f e r t i l i t y . However , 
because maize is ear ly m a t u r i n g , i t is preferred, 
to cover f o o d needs in the ' h u n g r y season' before 
the harvests o f so rghum and mi l le t . 
D i f ferences in soi l f e r t i l i t y by f ie ld loca t ion 
de te rm ined y ie ld on fa rmers ' f ie lds (Table 2). 
M a i z e sole c rop y ie ld averaged 2.08 t ha - 1 on 
c o m p o u n d f ie lds , compared w i t h 1.12 t ha - 1 on 
bush f ie lds. S o r g h u m yields in s o r g h u m / c o w p e a 
{Vigna unguiculata [ L . ] Wa lp . ) i n te rc ropp ing 
systems ( the mos t prevalent i n te rc rop in the 
s tudy zone) averaged 1.26 t h a - 1 on c o m p o u n d 
f ie lds , compared w i t h 0.74 t h a - 1 on bush f ie lds. 
L o w e r y ie lds on the bush f ie lds have i m p l i c a ­
t i ons on the deve lopment and i n t r o d u c t i o n o f 
technical intervent ions. Ex is t ing c o m p o u n d fields 
are more fer t i le but h igh l y f ragmen ted , due to 
increasing h u m a n p o p u l a t i o n and the break­
d o w n o f large households i n to nuclear f am i l y 
uni ts . There fore most cereal cu l t i va t i on occurs 
on less fer t i le bush f ields. To avo id increasing 
degrada t ion and soi l f e r t i l i t y loss in the bush 
f ie lds, and to ensure h igher p roduc t iv i t ies on 
these f ie lds f o r the enhancement of household 
f o o d secur i ty, measures are to be taken to 
i m p r o v e the fe r t i l i t y o f bush f ie lds. Such mea­
sures w o u l d inc lude: e i ther (1) more use of 
manure o r organic ma t te r r e i n c o r p o r a t i o n , o r 
(2) investment in soi l and water conservat ion . 
These measures are cent ra l to susta in ing cereal 
product iv i t ies on a long- te rm basis on the already 
in fer t i le bushlands. 
T a b l e 2 . A v e r a g e c e r e a l y i e l d s ( t h a - 1 ) u n d e r a l t e r n a t i v e c r o p p i n g sys tems b y f i e l d s p a t i a l l o c a t i o n a n d 
t o p o s e q u e n c e p o s i t i o n , W A S I P / M a l i E c o n o m i c s s t u d y v i l l a g e s , 1 9 8 9 r a i n y s e a s o n 1 . 
C r o p p i n g systems 
M a i z e 
So le c r o p 
M a i z e / s o r g h u m 
S o r g h u m 
S o r g h u m / cowpeas 
P e a r l m i l l e t 
So le c r o p 
P e a r l m i l l e t / c o w p e a s 
C o m p o u n d l a n d 
(p la teau ) 
2 .80 
(0 .83) 2 
1.90 
(0 .58) 
1.26 
(0 .78) 
-
1.05 
(0 .48) 
F i e l d l o c a t i o n 
B u s h l a n d 
(p la teau ) 
A v e r a g e cereal y ie lds ( t ha - 1 ) 
1.12 
(0 .82) 
-
0 .74 
(0 .47) 
0 .64 
(0 .39) 
-
B u s h l a n d 
(va l ley ) 
-
-
-
0.51 
(0 .28) 
-
1 . A v e r a g e s a re ac ross t h r e e v i l l a g e s , N a n k i l a b o u g o u , K a y o , a n d N g a l a m a d i b i . C o m p o u n d f i e l d s a r e l o c a t e d 0 - 8 0 0 m f r o m t h e 
v i l l a g e a n d b u s h f i e l d s a re l o c a t e d 8 0 0 m - 4 0 0 0 m f r o m t h e v i l l a g e . 
2 . V a l u e s i n p a r e n t h e s e s a re s t a n d a r d d e v i a t i o n s o f c o r r e s p o n d i n g y i e l d s . Y i e l d s v a r y w i d e l y b e t w e e n i n d i v i d u a l f a r m e r s , b e c a u s e 
o f d i f f e r e n t i a l s o i l f e r t i l i t y a n d c r o p m a n a g e m e n t p r a c t i c e s . 
3 . - = D a t a n o t m e a s u r e d . 
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M e a s u r e m e n t a n d 
M a n a g e m e n t o f C o n s t r a i n t s 
R e s i d u a l Effects o f L e g u m e s 
i n C r o p R o t a t i o n s o n Al f iso ls 
Prev ious research a t I C R I S A T Center shows 
g o o d res idua l effects o f legumes on subsequent 
cereal y ie lds. In an 8-year expe r imen t on a l o a m y 
A l f i s o l , so i l n i t r ogen ( N ) status was ma in ta ined 
at 0 .049% ( A n n u a l R e p o r t 1987, p . 318) and 
s o r g h u m yie lds at 2.6 t ha -1 by the i n p u t of N 
f r o m legumes in a 2-year c r o p r o t a t i o n o f pear l 
m i l l e t - g r o u n d n u t (Arach is hypogaea L.) a l ter­
n a t i n g w i t h so rghum-p igeonpea (Cajanus cajan 
[ L . ] M i l l s p . ) . On a sandy l o a m A l f i s o l , the y ie ld 
o f an un fe r t i l i zed s o r g h u m c r o p was increased 
f r o m 1.1 to 2.7 t h a - 1 by r o t a t i n g w i t h sole 
p igeonpea instead o f c o n t i n u o u s s o r g h u m crops. 
L e g u m e i n p u t was suf f ic ient to ensure tha t the 
so i l c o u l d p r o v i d e most o f the N requ i remen t to 
s o r g h u m ; fe r t i l i ze r N increased yields to 2.9 and 
3.4 t h a - 1 f o r these t w o t reatments ( A n n u a l 
R e p o r t 1983, p. 262). Encouraged by these 
resul ts , we in i t i a ted exper iments in 1985 to assess 
the benef ic ia l res idua l effects of legumes on a 
l i gh t - t ex tu red sandy A l f i s o l . 
In one s tudy , res idua l effects o f p igeonpea and 
pear l m i l l e t on a subsequent s o r g h u m c r o p (F igs . 
7 and 8) , and res idua l effects of g r o u n d n u t and 
s o r g h u m on a subsequent pear l m i l l e t c rop (F igs . 
9 a n d 10) were c o m p a r e d . D a t a f r o m three years 
ind ica te t ha t s o r g h u m benef i ted f r o m a preced­
i n g p igeonpea c r o p o n l y in 1988 (F igs . 7 and 8) ; 
b u t pear l m i l l e t cons is tent ly benef i ted f r o m the 
p reced ing g r o u n d n u t c rops (F igs . 9 and 10). T h e 
res idua l effects s h o w n by increased pear l m i l l e t 
y ie lds were subs tan t ia l in 1986 and 1987, w h e n 
seasonal ra in fa l l s were n o r m a l (418 and 369 m m ) 
and we l l d i s t r i bu ted . We a t t r i bu te these effects to 
increased avai lab le N because pear l m i l l e t y i e l d -
response curves converge w i t h increas ing levels 
o f app l ied N. Howeve r , when there was excessive 
seasonal r a i n f a l l (736 mm in 1988), the benef i ts 
Figure 7. Effect of pigeonpea and pearl millet on the response of sorghum grain yield to fertilizer-N during the 1986, 
1987, and 1988 rainy seasons at ICRlSAT Center. 
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Figure 9. Effect of groundnut and sorghum on the response of pearl millet grain yield to fertilizer-N during the 
1986, 1987, and 1988 rainy seasons at ICRISAT center. 
Fer t i l i zer -N (kg h a - 1 ) 
Figure 8. Effect of pigeonpea and pearl millet on the response of sorghum total dry matter production to 
fertilizer-N during the 1986, 1987, and 1988 rainy seasons at ICRISAT Center. 
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T a b l e 3 . C a s t o r p o d a n d s t a l k y i e l d a f f e c t e d b y 
p r e v i o u s c r o p p i n g sys tems a n d y e a r s a t I C R I -
S A T C e n t e r . 
C r o p p i n g systems a n d years 
C r o p p i n g sys tem be fo re cas to r : 
S o r g h u m 
S o r g h u m / p i g e o n p e a 
G r o u n d n u t / p i g e o n p e a 
S E 
Y e a r i n w h i c h cas to r was c r o p p e d : 
1986 
1988 
S E 
C V (%) 
C a s t o r y i e l d 
( t h a - 1 ) 
P o d 
0.75 
0.46 
0.43 
±0 .057 
0.47 
0.63 
±0 .031 
51.0 
S t a l k 
0.83 
0.48 
0.53 
±0 .071 
0.49 
0.73 
±0 .047 
56.8 
of legume N were sma l l and the shape of the 
response curves was d i f f e ren t f r o m tha t o f the 
t w o prev ious years. F r o m th is , we suspect tha t 
there was an apprec iab le leach ing o f n i t ra tes 
beyond the r o o t zone. 
T h e second e x p e r i m e n t was pa r t o f a c o l l a b ­
o ra t i ve pro jec t w i t h the Cen t ra l Research I n s t i ­
t u te f o r D r y l a n d A g r i c u l t u r e ( C R I D A ) , w h i c h 
conduc ted a s im i la r expe r imen t on i ts H a y a t -
nagar F a r m in A n d h r a Pradesh. Effects o f sole 
s o r g h u m , s o r g h u m / p i g e o n p e a , and g r o u n d n u t / 
p igeonpea in te rc rops on a subsequent castor 
(Ricinus communis L.) c rop were s tud ied f o r 4 
years (these c r o p r o ta t i ons are t yp i ca l f o r sandy 
A l f i so l s in sou the rn I n d i a ) . Resul ts f o r 3 years 
showed tha t the i nc l us i on of legumes as preced­
i n g c rops ( s o r g h u m / p i g e o n p e a o r g r o u n d n u t / 
p igeonpea in te rc rops) reduced castor p o d and 
s ta lk y ie lds (Tab le 3), p resumab ly because of 
r o o t - r o t diseases. On these res idual- legume t reat ­
men ts , p l an t p o p u l a t i o n s were l ower and the 
inc idence o f r o o t r o t h igher . 
Figure 10. Effect of groundnut and sorghum on the response of pearl millet total dry matter production to 
fe r t i l i ze r -N during the 1986, 1987, and 1988 rainy seasons at l C R l S A T Center. 
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M a n a g e m e n t o f A l f i so ls by m a n i p u l a t i n g t i l lage 
d e p t h , by a p p l y i n g organ ic amendments o r by 
m a i n t a i n i n g pasture leas conserves water and 
so i l in such ways tha t y ie lds are increased. H i g h 
r u n o f f rates have been measured under t r a d i ­
t i o n a l management systems, and several h y d r a u ­
l ic th ro t t l es occur in the p ro f i l e : surface crusts, 
the arg i l l i c B h o r i z o n , and the cemented, gravel ly 
morrum layer. P o o r so i l phys ica l character ist ics 
i nc lude h a r d set t ing, h i g h b u l k dens i ty , and the 
cemented morrum, and these m a y l i m i t c r o p 
estab l ishment and roo t g r o w t h . However , the 
mechanisms f u n c t i o n i n g on a f ie ld scale and the 
impac t o f management on these mechanisms 
have no t been quan t i f i ed . In tens ive t i l lage, o f ten 
recommended f o r A l f i so ls , may degrade so i l 
chemica l and phys ica l proper t ies . In 1988, I C R I -
S A T Center started an exper iment to compare 
t i l lage op t ions w i t h a l ternate soi l managements. 
So i l amendments were used to p ro tec t the so i l 
surface and to encourage b io log i ca l ac t iv i ty in 
the so i l . Perenn ia l crops were p lan ted to p rov ide 
r o o t pene t ra t i on i n t o the morrum layer and to 
i m p r o v e soi l s t ruc ture , a t d e p t h , in the p ro f i l e . 
Responses to t i l lage ( n i l , tynes at 10 cm or 20 
cm dep th ) and amendmen t ( n i l , 15 t ha - 1 f a r m -
ya rd m a n u r e [ F Y M ] , 5 t h a - 1 r ice s t raw) were 
c o m p a r e d in a f ac to r i a l expe r imen t . In a d d i t i o n , 
s ix c o m b i n a t i o n s o f perenn ia l crops (perenn ia l 
p igeonpea, Stylosanthes hamata, Cenchrus c i l i -
aris) p rov ided a range of surface p ro tec t i on and 
d r y mat te r p r o d u c t i o n . The t i l lage-p lus-amend-
men t t rea tments were c ropped annua l l y wh i le 
pe renn ia l c rops were m a i n t a i n e d . There were 
three repl icated p lo ts of 5 * 28 m. 
M e a s u r e m e n t s i nc l ude r u n o f f ( b y t i p p i n g 
buckets logged every m i n u t e ) , so i l loss (bed load 
and suspended sediment) , soi l s t ruc ture and sta­
b i l i t y , so i l s t rength and water con ten t , b u l k den­
si ty and po ros i t y , so i l hyd rau l i c proper t ies , p r o ­
jec ted cover (s t raw and c rop ) , nu t r i en t and sand 
d i s t r i b u t i o n i n the 0 -10 cm d e p t h , and soi l f auna 
( e a r t h w o r m s , te rmi tes , mac ro and m i c r o a r t h r o ­
p o d s , f u n g i , and bacter ia) . R u n o f f records are 
used to calculate i n f i l t r a t i o n parameters. 
In 1988, pear l m i l l e t was no t s o w n t i l l 27 J u l y 
because o f delays in i ns ta l l i ng equ ipmen t . In 
1989, t i l l ed p lo ts received a sha l low t i l lage f o l ­
l owed by t i l lage to the t rea tment dep th a week 
later . S o w i n g o f s o r g h u m (19 J u l y ) f o l l o w e d one 
week later. 
R u n o f f records f r o m 1988-89 ind icate large 
t r e a t m e n t responses a m o n g the t i l l age p lus 
a m e n d m e n t t rea tments (Tab le 5). D a t a f r o m the 
perenn ia l c rop t reatments are no t l isted because 
th is was the establ ishment pe r iod . There was a 
s ign i f icant effect o f amendmen t t h r o u g h o u t the 
season because o f decreased r u n o f f f r o m p lo ts 
w i t h r ice s t raw. F a r m y a r d m a n u r e had l i t t l e o r 
S o i l M a n a g e m e n t o f a S h a l l o w 
A l f i so l 
I n the f i f t h year we replaced castor w i t h pear l 
m i l l e t . In cont ras t to castor , pear l m i l le t yields 
increased w h e n preceded by a legume (Tab le 4) . 
We a t t r i b u t e these results to the type o f r o o t 
systems ( tap r o o t vs f i b rous roo t ) as wel l as the 
g r o w t h pa t te rn (s low vs fast) o f castor and pear l 
m i l l e t . Pear l mi l le t 's f as t -g row ing roo t system 
c o u l d take up n i t rates faster ( thus m i n i m i z i n g 
leach ing losses) t h a n the s lower -g row ing and 
less-extensive castor roo t system. 
In conc lus ion , these exper iments showed tha t 
legume res idua l effects are var iab le on A l f i so ls : 
t w o i m p o r t a n t features c o n t r i b u t i n g t o the v a r i ­
ab i l i t y are so i l t ex tu re and the type of benef ic iary 
c rop . M a i n t a i n i n g or i m p r o v i n g N ava i lab i l i t y to 
non legumes in ra in fed A l f i so l s t h r o u g h the use 
of legumes is p r o v e n to be possible. 
T a b l e 4 . P e a r l m i l l e t g r a i n a n d s t a l k y i e l d f o l -
l o w i n g d i f f e r e n t c r o p p i n g s y s t e m s a t I C R I S A T 
C e n t e r , r a i n y s e a s o n 1 9 8 9 . 
C r o p p i n g sys tem 
S o r g h u m 
S o r g h u m / p i g e o n p e a 
G r o u n d n u t / p i g e o n p e a 
S E 
C V (%) 
0.68 
1.00 
1.24 
±0 .056 
9.9 
1.00 
1.22 
1.52 
±0.091 
12.7 
Pearl millet yield (t ha-1) 
Grain Stalk 
no ef fect . A s ign i f i can t response to t i l lage was 
measured at the f i rs t three r u n o f f events af ter the 
t rea tmen ts were imposed (5 -17 A u g u s t , 1988). 
D u r i n g th is p e r i o d , t i l lage a t 20 cm p roduced the 
least r u n o f f and bare t rea tments the mos t . I n i t i a l 
t i l lage effects were large bu t d im in i shed rap id l y 
and th is dec l ine was n o t af fected by the a m e n d ­
ments . Seasonal effects o f t i l lage were no t s ign i f ­
icant (Tab le 5). Reduced r u n o f f f o l l o w i n g s t raw 
a p p l i c a t i o n in A u g u s t 1988 was s t i l l apparen t in 
M a y - J u n e 1989 (Tab le 5) even af ter m u c h of the 
s t raw had decomposed . Genera l l y r u n o f f was 
subs tan t ia l f o r a l l t reatments and occurred on 
bare p lo ts rece iv ing as l i t t le as 6 mm ra i n fa l l . 
These da ta under l i ne the need to reduce r u n o f f in 
A l f i so l s and the po ten t ia l f o r soi l management to 
increase i n f i l t r a t i o n and reduce c rop water stress. 
So i l loss measurements f o l l o w e d expected 
t rends o f e i ther decreasing so i l loss w i t h increas­
i n g cover , o r o f increased so i l loss f o l l o w i n g 
t i l lage and seasonal changes. H o w e v e r , t o t a l so i l 
loss was sma l l ( > 2 t ha - 1 ) and the q u a n t i f i c a t i o n 
o f t rea tmen t responses w i l l requ i re m o r e da ta . 
( A W H C ) and a coarse subso i l i n h i b i t i n g r o o t 
pene t ra t i on . Cas to r i s g r o w n extensively on 
these soi ls. An expe r imen t was conduc ted to 
s tudy the effects o f so i l fac to rs on the deve lop ­
men t o f the castor r o o t system. 
S o i l a r o u n d f o u r ' l a rge ' and f o u r ' s m a l l ' p lan ts 
o f m a t u r e castor (cv A r u n a ) was drenched w i t h 
wa te r f o r 12 h and then d r a i n e d . T h e so i l was 
i m m e d i a t e l y excavated, r o o t systems sketched, 
phys ica l and chemica l p roper t ies o f three so i l 
ho r i zons measured. T h e ho r i zons were: (1) a 
sur face Ve r t i c layer , the l owe r b o u n d a r y o f 
w h i c h ranged f r o m 15 to 45 cm ( refer red to as the 
A h o r i z o n ) ; (2) a calcareous layer of s t rong l y 
weathered paren t ma te r i a l , o f t en w i t h gravel and 
stones, w i t h a l ower b o u n d a r y rang ing f r o m 
4 0 - 7 0 cm (C1 h o r i z o n ) ; and (3) a less calcareous 
layer o f weathered parent mate r ia l ( C 2 ho r i zon ) . 
There were s ign i f i can t di f ferences (P < 0 . 0 1 
based on L S D test) between the A and C 1 h o r i -
zons i n b u l k d e n s i t y , w a t e r c o n t e n t , shear 
s t r e n g t h , p e n e t r a t i o n resistance, and g rave l , 
coarse sand , and c lay percentages, p H , e lect r ica l 
c o n d u c t i v i t y , and carbonate (Tab le 6). P roper ­
ties of the C1 and C2 ho r i zons were s im i la r except 
f o r c a t i o n exchange capac i ty ( C E C ) w h i c h was 
s ign i f i can t l y h igher i n C 2 ( P < 0 . 0 5 based o n L S D 
test) t h a n in C 1 . 
T h e r o o t / shoo t ra t i o was n o t s ign i f i can t l y d i f ­
ferent f o r large and sma l l p lan ts (Tab le 7). R o o t 
S o i l F a c t o r s A f f e c t i n g R o o t 
D e v e l o p m e n t in a V e r t i c Incept iso l 
Ver t i c Incept iso ls are o f ten s tony or grave l ly , 
and have l o w ava i lab le w a t e r - h o l d i n g capac i ty 
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T a b l e 5 . R u n o f f ( m m ) d u r i n g t h e c r o p p i n g s e a s o n ( 5 A u g - 5 O c t ) i n 1 9 8 8 a n d d u r i n g t h e p e r i o d b e f o r e 
t r e a t m e n t s w e r e r e i m p o s e d ( 1 M a r - 2 9 J u n ) i n 1 9 8 9 , i n r e s p o n s e t o t i l l a g e a n d a m e n d m e n t s 1 . 
T r e a t m e n t 
Z e r o t i l l age 
10 cm t i l l age 
2 0 c m t i l l age 
S E 
C V (%) 
R u n o f f ( m m ) 
5 A u g - 5 O c t 1988 
Ba re 
108 
104 
9 1 
F Y M 2 
95 
99 
75 
±10 .5 
17 
S t r a w 
4 8 
56 
58 
1 M a r - 2 9 J u n e 1989 
Ba re 
53 
67 
34 
F Y M 2 
4 8 
57 
51 
±5 .1 
20 
S t r a w 
2 6 
30 
33 
1 . A s s o c i a t e d r a i n f a l l w a s 3 3 0 m m i n 1988 a n d 2 2 6 m m i n 1989 . 
2 . F a r m y a r d m a n u r e . 
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leng th per u n i t r o o t mass and per un i t shoot 
mass was s ign i f i can t ly h igher (P <0 .05 ) f o r sma l l 
p lants . Th i s suggests tha t sma l l p lants used re la­
t i ve ly m o r e assimi late to increase roo t length 
ra ther t h a n r o o t d iameter . 
O u r observat ions o f r o o t m o r p h o l o g y i n re la­
t i o n to so i l d e p t h showed tha t : (1) near o r in the 
sur face o f the C, h o r i z o n or near stones asso­
c iated w i t h i t , m a n y roots ended, b ranched , 
changed d i r ec t i on a b r u p t l y ( i n c l ud i ng g r o w i n g 
h o r i z o n t a l l y ) , were ei ther cons t r i c ted , p i t t ed , o r 
d e f o r m e d ; (2) mos t roo ts pene t ra t ing the C1 
h o r i z o n to 50 cm grew deeper t h a n 100 c m . 
A l t h o u g h bigger p lants had longer roo ts , they 
were no t necessari ly associated w i t h a deeper A 
h o r i z o n . 
These observat ions ind ica te tha t imped imen ts 
in or near the surface of the C1 h o r i z o n restr ic t 
r o o t g r o w t h . We suspect tha t pene t ra t i on to the 
C, h o r i z o n is rest r ic ted by the n u m b e r o f r o o t -
sized pores and by the mechan ica l impedance 
caused by b r i d g i n g between grave l part ic les. 
F u r t h e r w o r k is needed to develop a better 
unde rs tand ing o f r o o t res t r i c t i on mechanisms a t 
the upper layer of the C 1 h o r i z o n of th is soi l and 
to al leviate t h e m . 
T a b l e 7 . A b o v e - g r o u n d a n d b e l o w - g r o u n d 
c o m p o n e n t s f o r l a r g e a n d s m a l l m a t u r e c a s t o r 
p l a n t s o n a V e r t i c I n c e p t i s o l , 1 C R I S A T C e n t e r , 
M a r c h 1 9 8 7 . 
P l a n t c o m p o n e n t s 
( m e a n va lues) 
P l a n t he igh t ( m ) 
S h o o t mass 2 (g ) 
R o o t l e n g t h 3 ( m ) 
R o o t mass (g) 
R o o t m a s s / s h o o t mass 
R o o t l e n g t h / r o o t mass 
( c m g - 1 ) 
R o o t l e n g t h / s h o o t mass 
( c m g - 1 ) 
L a r g e 
p l an t s 
2.98 
(±0 .27) 1 
921 
(±162) 
11.9 
(±0 .5) 
201 
(±2.8) 
0.22 
(±0.009) 
5.92 
(±1.00) 
1.29 
(±0 .28) 
S m a l l 
p l an t s 
1.83 
(±0.23) 
115 
(±26) 
0.55 
(±0.24) 
27.7 
(±4.0) 
0.23 
(±0.049) 
22.51 
(±5.3) 
4 .74 
(±3 .24) 
1 . F i g u r e s i n p a r e n t h e s e s a re s t a n d a r d e r r o r s . 
2 . O v e n d r i e d . 
3 . R o o t s o f d i a m e t e r > 2 m m . 
T a b l e 6 . P r o p e r t i e s o f s o i l h o r i z o n s f o u n d d u r i n g e x c a v a t i o n o f c a s t o r r o o t sys tems o n a V e r t i c 
I n c e p t i s o l , I C R I S A T C e n t e r , M a r c h 1 9 8 7 . 
P r o p e r t i e s ( m e a n va lues) 
B u l k dens i t y ( g m c m - 3 ) 
W a t e r ( % b y w e i g h t ) 
Shea r s t r e n g t h ( k P a ) 
P e n e t r o m e t e r res is tance ( M P a ) 
G r a v e l > 2 m m (%) 
Coa rse sand (%) 
F i n e sand (%) 
S i l t (%) 
C l a y ( % ) 
p H 
E l e c t r i c a l c o n d u c t i v i t y (ds c m - 1 ) 
C a r b o n a t e C a C 0 3 (%) 
C E O ( m e q ) (%) 
H o r i z o n 
A 
1.37 
22 .9 
10.8 
0.91 
23.7 
24 .4 
23.8 
16.5 
35.3 
8.1 
0.151 
3.4 
22.4 
C1 
1.54 
16.7 
26.3 
2.65 
36.9 
38.5 
19.6 
15.2 
26 .7 
8.4 
0 .114 
17.4 
20.9 
C2 
1.54 
18.7 
23 .1 
2.33 
30.6 
32.2 
25.7 
17.1 
25 .0 
8.4 
0.113 
11.5 
25.9 
S E 
±0.02 
±0.7 
±1 .8 
±0.18 
±1.8 
±1.8 
±1 .37 
±0 .69 
±1 .5 
±0.1 
±0.005 
±1.9 
±1 .0 
1 . C E C = C a t i o n e x c h a n g e c a p a c i t y . 
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W i n d E r o s i o n 
I n the Sudano-sahe l ian zone o f West A f r i c a , 
w i n d has a s ign i f i cant effect on p r o d u c t i v i t y . In 
the past t w o decades, the use o f m a r g i n a l lands , 
ove rg raz ing , and r e m o v a l o f trees and shrubs in 
th is zone have accentuated w i n d e ros ion . T h e 
r a i n y season is general ly preceded by dust s torms 
w i t h w inds tha t can exceed 100 Km h - 1 . Th i s 
con t r i bu tes to e ros ion and can damage y o u n g 
o w i n g to comp le te loss o f seedl ings, fa rmers 
need to resow the i r f ie lds. 
In 1986, pear l m i l l e t was s o w n between s t r ips 
of Andropogon gayanus, a pe renn ia l nat ive to 
the Sahel . A. gayanus was selected because it 
does n o t requ i re weed ing and its s tover is used in 
c o n s t r u c t i o n and f o r m a k i n g mats . W e c o n -
duc ted an expe r imen t cons is t ing o f t w o t reat -
ments : p ro tec ted and nonp ro tec ted 10 x 20 m 
pear l m i l l e t p lo ts w i t h f o u r rep l ica t ions . The p r o -
t ec t i on was 5 -m w ide st r ips of A. gayanus sown 
pe rpend icu la r t o the p reva i l i ng w i n d d i rec t i on . 
N o n p r o t e c t e d p lo ts had st r ips o f pear l m i l l e t 
s o w n instead of A. gayanus and Were c o n t i n u ­
ous w i t h the pear l m i l le t c r o p area, W i n d speed 
was m o n i t o r e d t h r o u g h o u t the c r o p p i n g season 
w i t h anemometers placed 50 cm above g r o u n d 
level at the center of each p lo t . Pear l m i l l e t was 
s o w n on 23 M a y 1986, 8 J u l y 1987, 15 June 1988, 
and on 19 June 1989. Ha rves t i ng was comp le ted 
between m id -Sep tember and m i d Oc tober de­
pend ing on sow ing dates. 
In 1986, Andropogon emergence and estab-
l i shmen t were very poor . F i l l i n g the gaps was 
comp le ted in ear ly Augus t us ing sl ips f r o m ex is t ­
i n g p lan ts . Es tab l i shmen t and g r o w t h o f sl ips 
w e r e m u c h b e s t t h a n s e e d s o w i n g s . a n d were 
used subsequent ly . 
F r o m 1987 o n w a r d Andropogon barr iers sig­
n i f i can t l y reduced w i n d speed in pear l m i l l e t 
p lo t s (Tab le 8) between 1 J u l y and 1 A u g u s t . 
A f t e r 1 A u g u s t pear l m i l l e t p lants s u r r o u n d i n g 
the nonp ro tec ted p lo t reduced w i n d speed as 
ef fect ively as the Andropogon s t r ip-
In Sep tember 1989, a survey of so i l a c c u m u l a ­
t i o n in Andropogon and c ropped zones was 
comp le ted . These da ta ( F i g . 11) show a d i f fe r -
T a b l e 8 . W i n d s p e e d ( a v e r a g e a n d m a x i m u m ) 
( m s - 1 ) i n p e a r l m i l l e t p r o t e c t e d a n d n o n p r o -
t e c t e d p l o t s 1 8 2 - 2 2 2 D A S a t 0 . 5 m a b o v e g r o u n d 
l e v e l , I S C , S a d o r e , N i g e r , r a i n y s e a s o n 1 9 8 7 . 
D a y 
1 J u l y 
11 J u l y 
21 J u l y 
3 1 J u l y 
10 A u g u s t 
S E 
C V (%) 
T r e a t m e n t 1 
P M A 
P M 
P M A 
P M 
P M A 
P M 
P M A 
P M 
P M A 
P M 
A v e r a g e 
3.09 
3.65 
2.88 
3.70 
3.20 
3.45 
2.15 
2.33 
3.56 
3.63 
+ 0.10 
17 
M a x i m u m 
4.63 
5.52 
5.77 
6.53 
4.29 
5.17 
3.26 
3.65 
4.49 
4 .76 
±0.07 
19 
1 . P M A = P e a r l m i l l e t w i t h Andropogon; P M = P e a r l m i l l e t . 
ence in so i l surface e leva t ion of 15 cm between 
these t w o zones. U s i n g a b u l k dens i ty of 1.5 g 
c m 3 , we f o u n d tha t over 3 years, a 5 x 100-m l o n g 
Andropogon s t r ip t r apped 112 t of sand. We 
also conc luded tha t w i n d st r ips ef fect ive ly p r o ­
tected seedlings in the beg inn ing o f the ra iny 
season. 
T rea tmen ts d i d no t s ign i f i can t ly reduce g ra in 
y ie ld (Tab le 9). Some c o m p e t i t i o n between the 
grass and cereal is i nd ica ted . Pear l m i l le t p lo ts 
p ro tec ted by Andropogon used more water t h a n 
nonp ro tec ted p lo ts . Th is was most ev ident in 
1987 w h e n water use f o r p ro tec ted plots was 326 
m m against 307 m m (±4.3) f o r nonpro tec ted 
p lo ts . R a i n f a l l was abundan t and we l l d i s t r i b ­
u ted in 1988 and 1989. In 1988, water use was 384 
m m f o r p ro tec ted and 409 m m f o r nonpro tec ted 
p lo ts (±9.4) , and in 1989, i t was 379 mm f o r 
p ro tec ted and 392 mm f o r nonpro tec ted p lo ts 
(±13.6). Andropogon gayanus s t raw yields i n ­
creased c on t i nuous l y f r o m 1986 to 1989. S tover 
va lue ( m a r k e t at Say, N iger ) in Oc tober 1989 was 
32 C F A kg - 1 compared to 16 C F A kg - 1 f o r pear l 
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w i n d b r e a k effects on m i c r o e n v i r o n m e n t in a 
deve lop ing pear l m i l l e t c r o p . T r ia l s were estab­
l ished us ing a 7-year-old neem w indb reak o r i ­
ented n o r t h - s o u t h and averag ing 6 m in he ight . 
Pear l m i l l e t (cv Sadore loca l ) was establ ished at 
2 h i l ls n r 2 . I n s t r u m e n t a t i o n was set up at 1, 3, 6, 
and 10 t imes w indb reak height (h) to m o n i t o r net 
r a d i a t i o n , air h u m i d i t y , w i n d speed, leaf and air 
tempera tures , b o u n d a r y layer , and s tomata l 
conductances. 
M a x i m u m g ra i n and b iomass y ie lds in 1988 
and 1989 were measured 15-36 m f r o m the 
w i n d b r e a k (F igs . 12 and 13). A l t h o u g h analysis 
o f m ic rome teo ro log i ca l da ta is s t i l l in progress, 
i n i t i a l i n t e rp re ta t i on po in ts to a favorab le shel­
t e r i ng effect f r o m w indb reaks . A i r and leaf 
C o m p e t i t i o n a n d M i c r o c l i m a t i c 
Effects o f N e e m W i n d b r e a k s 
We ear l ier repor ted on c o m p e t i t i o n between 
neem (Azad i rach ta indica) w indbreaks and pear l 
m i l l e t in an of f -season, i r r iga ted exper iment a t 
I S C ( 1 C R I S A T A n n u a l Repo r t 1988, p . 190). In 
1988, we began a co l l abo ra t i ve p r o g r a m w i t h the 
Un i ve rs i t y o f E d i n b u r g h to s tudy f u r t he r the 
na tu re o f th is c o m p e t i t i o n and to de te rmine 
m i l l e t s t raw and 56 C F A k g - 1 f o r pear l m i l l e t 
g r a i n . These re tu rns , coup led w i t h l o w requ i re ­
ments f o r l abo r , shou ld make th is system a t t rac­
t i ve to fa rmers . 
Figure 11. Height of sand trapped by a 10-m wide strip of A n d r o p o g o n gayanus over a 3-year (1986-1989) period in 
a pearl millet field at ISC, Sadore, Niger. 
30 
2 0 
10 
0 
A n d r o p o g o n z o n e C r o p p e d z o n e A n d r o p o g o n z o n e 
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-10 
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T a b l e 9 . G r a i n ( G ) a n d s t o v e r ( S ) y i e l d s ( t h a - 1 ) o f p e a r l m i l l e t p r o t e c t e d b y w i n d s t r ips o f Andropogon 
gayanus and n o n p r o t e c t e d p e a r l m i l l e t s t o v e r y i e l d s ( t h a - 1 ) , I S C , S a d o r e , N i g e r , r a i n y s e a s o n 1 9 8 6 - 8 9 . 
T r e a t m e n t 
P r o t e c t e d 
P e a r l m i l l e t ( C e n t e r ) 
A. gayanus ( W e s t ) 
A. gayanus (Eas t ) 
N o n p r o t e c t e d 
P e a r l m i l l e t ( C e n t e r ) 
P e a r l m i l l e t ( W e s t ) 1 
P e a r l m i l l e t (Eas t ) 
S E ( P e a r l m i l l e t ) 
SE (A. gayanus) 
C V (%) ( P e a r l m i l l e t ) 
CV (%) (A. gayanus) 
1986 
G 
0.96 
0 .92 
.2 
±0 .08 
16 
S 
3.38 
0.22 
0 .36 
3.50 
±0 .30 
±0 .10 
17 
16 
1987 
G 
0.52 
0.61 
0.55 
0.54 
±0 .09 
34 
S 
1.44 
2.31 
2.28 
1.54 
1.57 
1.52 
±0.23 
±0 .29 
32 
25 
1988 
G 
0.70 
0.94 
0.67 
0.73 
±0.08 
21 
S 
2.57 
5.14 
6.18 
2.42 
2.20 
1.96 
±0.33 
±0.7 
29 
25 
1989 
G 
0.41 
0.67 
0.51 
0.49 
±0.09 
34 
S 
2.32 
9.22 
12.93 
2.39 
1.81 
1.53 
±0.33 
±0.46 
31 
8 
1 . P e a r l m i l l e t ( W e s t ) a n d ( E a s t ) a r e p o r t i o n s o f n o n p r o t e c t e d f i e l d c o r r e s p o n d i n g t o A . gayanus ( W e s t ) a n d ( E a s t ) s t r i p s i n 
p r o t e c t e d f i e l d s . 
2 . - = D a t a n o t a v a i l a b l e . 
t empera tu res were f o u n d to increase s l igh t l y i n 
the lee o f the w i n d b r e a k w i t h the effect decreas­
i n g t o w a r d s the f i e ld center ( F i g . 14). A i r / l e a f 
t empera tu re di f ferences, re lated to the degree o f 
a i r m i x i n g , were least at 3 m f r o m the w i n d b r e a k . 
The shelter effect d isappeared beyond 10 m. 
Figure 12. Pearl millet grain yield and distance behind an A z a d i r a c h t a i n d i c a windbreak at ISC, S a d o r e , Niger, in 
1988 and 1989. 
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In ano the r s tudy conduc ted i n 1989, we c o m -
pared p lo ts w i t h po lye thy lene sheet barr iers 
( ins ta l led at a d e p t h of 1.2 m to separate neem 
and pear l m i l l e t roots) and p lo ts w i t h o u t r o o t 
barr iers . In p lo ts w i t h o u t barr iers , at a distance 
of 3 m f r o m the w i n d b r e a k s , we f o u n d a 6 9 % 
r e d u c t i o n i n g ra in and 4 5 % reduc t i on i n biomass 
yie lds compared to yields of m i l l e t 15 m f r o m the 
neem w i n d b r e a k ( F i g . 15). P lo ts w i t h roo t b a r r i -
ers had reduct ions o f 4 3 % ( i n gra in) and 2 1 % ( i n 
Figure 13. Pearl millet biomass production and distance behind an A z a d i r a c h t a i n d i c a windbreak at ISC, Sadore, 
Niger, in 1988 and 1989. 
G r a i n c o n t r o l 
Leaf t e m p e r a t u r e 
Air - leaf t e m p e r a t u r e d i f fe rence 
Figure 14. Measured leaf temperature (°C) and the 
difference between leaf and air temperatures (°C) 
moving away from an A z a d i r a c h t a i n d i c a windbreak 
on 21 August 1988 at ISC, Sadorb, Niger. 
Figure 15. Effect of neem windbreaks on pearl millet 
grain and biomass yields with and without root ba r r i -
ers measured during the 1989 rainy season, at Sadore, 
Niger. 
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biomass) over the same zone. These f igures 
i m p l y t ha t a l t h o u g h there is a c o m p o n e n t o f 
u n d e r g r o u n d c o m p e t i t i o n i n th is w i n d b r e a k sys­
t e m , a cons iderab le a m o u n t o f c o m p e t i t i o n 
occurs above g r o u n d and i s p r o b a b l y l i n k e d to 
shad ing . 
was a s ign i f i can t i n te rac t i on between r i d g i n g and 
seeding m e t h o d w h i c h , i n t rea tmen t W 1 , reduced 
the g r o w t h o f weeds t h r o u g h o u t the season. 
Pear l m i l l e t g r a i n and stover y ie lds were s igni f ­
i can t l y ef fected by the weed ing m e t h o d , t i l lage, 
and cu l t i va r ( F i g . 16). There was a s ign i f icant 
ef fect o f season on pear l m i l l e t g r a i n and stover 
y ie lds , w i t h the 1989 y ie lds be ing lowest . Weed 
popu la t i ons d i d no t d i f fe r s ign i f i can t ly between 
years. 
W i t h adequate r a i n , the loca l cu l t i va r s igni f ­
i can t l y ou ty ie lded the i m p r o v e d cu l t i va r regard ­
less of weed numbers at harvest . M e c h a n i c a l 
Weed Management Effects on 
Crop Yield and Weed Populations 
I n the t r a d i t i o n a l m i l l e t p r o d u c t i o n systems o f 
West A f r i c a a lmos t a l l weed ing is done by h a n d . 
A l t h o u g h the qua l i t y o f h a n d weed ing i s po ten ­
t i a l l y h i g h , ava i l ab i l i t y o f l a b o r can be a ser ious 
cons t ra in t . Mechan i zed weed ing us ing AT i s one 
s o l u t i o n , b u t the effectiveness o f mechanized 
weed ing can be less t h a n h a n d weed ing w h e n 
weeds between the rows are n o t removed and 
those in the r o w are left u n t o u c h e d . We therefore 
invest igated the effectiveness o f d i f fe ren t weed­
i n g ope ra t i ons to suppress weed g r o w t h and to 
increase c r o p y ie lds. 
I n 1987, the f o l l o w i n g weed ing t rea tments 
were imp lemen ted on land p rev ious ly under 
bush - fa l l ow : (1) no weed ing , WO; (2) t w o me­
chan ica l i n t e r r o w weedings, W l ; (3) same a s W l 
bu t w i t h a d d i t i o n a l w i t h i n - r o w hand weedings, 
W 2 ; and (4) t w o f u l l h a n d weedings, W 3 . A n 
a d d i t i o n a l c o m p a r i s o n was made between p re -
s o w i n g , d i rec t r i d g i n g , and f la t c u l t i v a t i o n us ing 
one loca l m i l l e t cu l t i va r (cv Sadore) and one 
i m p r o v e d cu l t i va r (cv C I V T ) . A 4 x 2 x 2 fac to r i a l 
design was used w i t h weed ing m e t h o d x t i l lage x 
c u l t i v a r c o n f o u n d e d in b locks . T rea tmen ts were 
pe rmanen t l y assigned to p lo ts . Weed samples 
were taken f r o m between rows and w i t h i n rows 
at f o u r dates to assess t r ea tmen t effects in te rms 
o f d r y ma t te r p r o d u c t i o n . Phosphorus was ap­
p l i ed annua l l y ( S S P , single superphosphate w i t h 
B o r o n ® ) a t 17 kg ha - 1 before p r i m a r y t i l lage. 
Pear l m i l l e t was h i l l - sown by mach ine in 0 .75-m 
spaced rows w i t h 0 .67-m spac ing between h i l l s . 
A l t e r n a t e h i l ls were removed af ter estab l ishment 
resu l t ing in a f i n a l p o p u l a t i o n of 1 h i l l n r 2 and a 
w ide r w i t h i n - r o w spacing t h a n be tween- row 
spacing. 
R i d g i n g increased p l a n t popu la t i ons . There 
Figure 16. Interaction effect of ridging and weeding 
on pearl millet grain and stover yield. A verage of two 
cultivars over three years (1986- 1988) , at ISC, Sadore, 
Niger. 
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T o t a l d r y mat te r p r o d u c t i o n (c rop plus weed 
d r y mat te r ) remained constant at 3.3 t ha - 1 f o r a l l 
t rea tments , i nd i ca t i ng a stable compet i t i ve re la­
t i onsh ip between c rop and weeds. W i t h i n te r row 
c u l t i v a t i o n ( w i t h W 1 ) , w i t h i n - r o w weed g r o w t h 
exceeded tha t o f weed g r o w t h in nonweeded 
p lo ts ( F i g . 17), i nd i ca t i ng that w i t h i n - r o w weed 
g r o w t h increased to compensate f o r weeds re­
moved f r o m between rows . Th is i s possib ly w h y 
there was l i t t le effect o f i n t e r r o w cu l t i va t i on on 
reduc ing weed numbers resu l t ing in l ow c rop 
y ie lds. These observat ions suggest tha t i nsu f f i ­
c ient weed c o n t r o l f r o m mechan ica l weeding 
c o u l d be compensated f o r by r i dg ing w h i c h 
reduced t o t a l weed d ry mat te r a t harvest by 50%. 
C o m p o s i t i o n of weed species as a percentage 
o f t o t a l weed number depends on t i l lage and 
weed ing me thods . As the season progressed, 
leguminous species increased in nonweeded p lots 
( F i g . 18). Weed ing created a shi f t f r o m g r a m i ­
naceous species to leguminous species. S im i l a r 
t rends were f o u n d d u r i n g the 1989 c r o p p i n g sea­
son , except f o r the comple te disappearance o f 
l egum inous species. T i l l age effects on weed 
c o m p o s i t i o n were s im i la r to those f o r weed ing . 
U n t i l l e d p lo ts had abou t tw ice the n u m b e r o f 
g raminaceous species. 
M e c h a n i z a t i o n o f weed ing i n c o m b i n a t i o n 
w i t h supp lementa l w i t h i n - r o w hand weeding 
gives the most sat is factory weed c o n t r o l and 
c rop yields. T i l lage promotes weed c o n t r o l w i t h i n 
rows and increases c rop y ie lds, pa r t i cu la r l y w i t h 
l o w weed ing levels. 
W e e d C o n t r o l i n S o r g h u m / 
L e g u m e In te rcrops 
A t S a m a n k o , M a l i , w e s tud ied the in fes ta t i on o f 
weeds and the i r manua l c o n t r o l in d i f ferent 
c r o p p i n g systems. T h r o u g h the rap id cover ing o f 
so i l surface, in tercrops, s o r g h u m / c o w p e a in par­
t i cu la r , reduced weed emergence between 0 and 
70 days af ter sow ing ( D A S ) . M e a n f resh weights 
of weeds were 1.18 t ha - 1 in s o r ghum and 2.33 
t ha - 1 in g r o u n d n u t sole crops c o m p a r e d to 1.47 
t h a - 1 in s o r g h u m / g r o u n d n u t and 1.10 t ha -1 in 
weed ing a lone resul ted in unacceptab ly l o w 
g ra in yields (mean 0.23 t h a - 1 ) A d d i t i o n a l w i t h i n -
r o w hand weed ing increased yields to 0.69 t ha - 1 . 
H a n d weed ing the who le f ie ld suppressed weeds 
mos t ef fect ive ly w i t h a resu l t ing c rop y ie ld o f 
0.75 t h a - 1 . R i d g i n g decreased numbers o f weeds 
at harvest and increased c rop d r y mat te r p roduc -
t i o n f r o m 1.04 t ha-1 to 1.46 t ha-1 (SE ± 0.05) 
w h e n averaged over o ther fac tors . 
Figure 17. Effect of weed management on weed dry 
matter production between and within pearl millet 
ro ws for a crop gro wn in the 1989 rainy season a t ISC, 
Sadore, Niger. 
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Figure 18. Effect of weed management on weed species in a pearl millet crop grown in the 1989 rainy season at ISC, 
Sadore, Niger. 
s o r g h u m / c o w p e a in te rc rops ( S E ±0.24). Conse­
quen t l y , o n l y t w o weedings were requ i red in 
i n te rc rops (at 20 and 40 D A S ) . T o t a l weed ing 
l abo r was 396 h h a - 1 f o r s o r g h u m sole c r o p , 412 h 
h a - 1 f o r g r o u n d n u t sole c r o p , 368 h h a - 1 f o r 
s o r g h u m / g r o u n d n u t i n te r c rop and 312 h h a - 1 
f o r s o r g h u m / c o w p e a i n t e r c r o p , ( S E ±17). The 
conc lus i on is t ha t i n t e r c r o p p i n g saved abou t 
10% o f l abo r . 
y ie ld by the disease may exceed 50%, and greater 
losses have been repor ted w h e n rust and leaf spot 
diseases occur together. 
Ured in iospores o f g r o u n d n u t rus t are effec­
t i ve l y d ispersed by a i r and are c o m m o n l y depos­
i ted on the surface o f d r y leaves. Howeve r , l i q u i d 
wa te r is t h o u g h t to be necessary f o r the spores to 
germina te and in fect . The water leaches an i n h i b ­
i t o r f r o m the spores and i s needed f o r the g r o w t h 
o f ge rm tube . 
Sources of leaf wetness in f ie ld crops are dew, 
r a i n , and i r r i g a t i o n and the pe r i od tha t leaves 
r e m a i n wet is c r i t i ca l to the i n fec t i on process. We 
conduc ted exper iments a t d i f fe ren t temperatures 
t o q u a n t i f y the re la t i on between the d u r a t i o n o f 
leaf wetness and rust i n fec t i on . 
We inocu la ted leaves at tached to po t t ed p lants 
Wetness R e q u i r e m e n t s f o r 
G r o u n d n u t R u s t I n f e c t i o n 
Rust occurs on g r o u n d n u t i n v i r t ua l l y a l l par ts o f 
the w o r l d where the c r o p i s g r o w n . R e d u c t i o n o f 
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3.4 h at 25° C and 6.4 h at 15° C. W i t h wetness f o r 
12 h, the les ion densi ty was close to the m a x i ­
m u m a t 25° C , bu t a round 5 0 % o f the m a x i m u m 
at 15°C. 
In the f i e l d , per iods of wetness at n igh t are 
i m p o r t a n t f o r rust since in fec t i on is i nh ib i t ed by 
l i gh t . Wetness f r o m dew, o r ra in late in the day , 
may persist f o r about 12 h. Th is w o u l d be ideal 
f o r rust i n fec t ion a t 2 5 ° C and , i f wetness per­
sisted f o r more t h a n 8 h, substant ia l in fec t ion 
w o u l d be expected. Howeve r , f o r a n igh t t e m ­
pera ture of 15°C, in fec t ion w o u l d be m u c h less 
and w o u l d be negl ig ib le i f the pe r iod o f wetness 
was less t h a n 8 h. 
These f ind ings w i l l he lp to iden t i f y per iods 
w h e n the weather favors rap id rust deve lopment , 
and cou ld f o r m the basis of a scheme to op t im ize 
the t i m i n g o f c o n t r o l measures. 
A s imple m o d e l based on the concept of resource 
capture was developed to s imulate the g r o w t h 
and y ie ld o f s o r ghum. The d is t i ngu ish ing fea­
tures o f the R E S C A P mode l are: (1) emphasis on 
the use of conservat ive quant i t ies , (2) parameters 
and var iables kept to a m i n i m u m , (3) a l l q u a n t i ­
ties have clear physical or phys io log ica l mean­
i n g , (4) a l l parameters are measurable in the 
f i e l d , (5) componen ts are readi ly expanded or 
rep laced, and (6) the m o d e l is easily adapted to 
d i f fe rent c rop types. 
T w o assumpt ions , we l l suppor ted by f ie ld ev i -
dence, are cent ra l to the R E S C A P mode l : 
1 . the a m o u n t o f d r y mat te r p roduced per un i t o f 
r a d i a t i o n in tercepted by fo l iage is ef fect ively 
constant d u r i n g vegetative g r o w t h when water 
is no t l i m i t i n g ; and 
2 . the a m o u n t o f d r y mat te r p roduced per un i t o f 
water t ransp i red is inversely p r o p o r t i o n a l to 
M o d e l i n g o f C o n s t r a i n t s 
A Resource C a p t u r e M o d e l 
( R E S C A P ) fo r S o r g h u m 
a n d C h i c k p e a 
w i t h a suspension of rust spores (50 000 m L - 1 ) 
and placed the p lants in a d a r k dew chamber f o r 
d i f f e ren t per iods . A f t e r r e m o v a l , we d r ied the 
leaves in f r o n t o f a f a n before t rans fe r r ing the 
p lan ts to a greenhouse where we observed t h e m 
f o r symp toms . We coun ted the number o f lesions 
per u n i t leaf area every day and recorded the 
m a x i m u m numbe r f o r each inocu la ted leaf. We 
repeated the exper iments several t imes at each 
tempera tu re , and norma l i zed lesion densities to 
c o m b i n e da ta f r o m al l the exper iments ( fo r each 
set of da ta , values were d i v ided by the asymp­
to te ; the asympto te was taken as the average 
va lue o f po i n t s f o r per iods beyond w h i c h there 
was no f u r t he r increase in lesion densi ty) . 
We were able to iden t i f y a m i n i m u m pe r i od 
f o r i n fec t i on to occur and a m a x i m u m per iod 
b e y o n d w h i c h there is no f u r t he r increase in 
disease. B o t h per iods were affected by tempera­
t u re ( F i g . 19) a l t h o u g h results f r o m repl icate 
exper iments at 15°C were less consistent t han at 
25° C . T h e m i n i m u m per iods f o r i n fec t i on were 
Figure 19. Relationship between wetness and n o r m a l -
ized lesion number of groundnut. Points are from 
experiment environments. Equations of the dotted 
lines are at 1 5 ° C , T= 1.05 (l-exp (-0.114) (x-6.44)), r2 
=0.85 and at 25 °C, T=1.08 (1-exp (-0.188 (x-3.39)), 
r2 = 0.74 where T = normalized lesion number. 
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the mean sa tu ra t i on def ic i t o f a i r whe ther 
wa te r i s l i m i t i n g or no t . 
T h e m o d e l , there fo re , places equa l emphasis 
on the ro le o f leaves in re l a t i on to the in tercep­
t i o n o f l i gh t , and t o the ro le o f roo ts i n re la t i on t o 
the up take o f water . 
C l i m a t i c da ta used i n the m o d e l i nc lude da i l y 
values o f r a i n f a l l , d r y - and w e t - b u l b tempera ­
tures, so lar r a d i a t i o n , and open-pan evapora­
t i o n . S o i l da ta inc lude the i n i t i a l so i l mo i s tu re 
de f i c i t , the m a x i m u m A W H C o f the r o o t e d p r o ­
f i l e , and a dep th -dependen t response t ime f o r 
wa te r e x t r a c t i o n . Cu l t i va r -spec i f i c parameters 
are: i n i t i a l seed mass, d u r a t i o n s o f g r o w t h stages 
in p h o t o t h e r m a l un i ts , specif ic leaf area, a l igh t 
e x t i n c t i o n coef f ic ient f o r fo l iage , i n i t i a l values o f 
r o o t leng th per u n i t v o l u m e o f so i l , specif ic r o o t 
mass, m a x i m u m r o o t f r o n t ve loc i t y , f r ac t i on o f 
d r y ma t te r a l l o t ted to roo ts u n t i l t ha t ve loc i t y i s 
ach ieved, and harvest index ( H I ) . 
T h e p rocedure on each day evaluates: (1) cu r ­
ren t weather , (2) stage o f deve lopmen t , (3) d r y 
ma t t e r p r o d u c t i o n and there fore wa te r loss on 
the basis of solar r ad i a t i on and leaf area, (4) 
wa te r up take and there fore d r y ma t te r p r o d u c ­
t i o n on the basis o f soi l wa te r con ten t and r o o t 
l eng th dens i ty . The choice between l i gh t - l im i t ed 
and wa te r - l im i t ed g row ths is de te rmined by cur ­
rent so i l water status and weather. D r y ma t te r 
p roduced is a l located to leaves, roo ts , g r a i n , etc., 
acco rd ing to the deve lopmenta l stage w i t h a c o n ­
sequent increase o f leaf area, r o o t l eng th , r o o t 
f r o n t d e p t h , and a change o f so i l water d i s t r i b u ­
t i o n . T h e m o d e l repeats th is cycle on a da i l y basis 
t i l l phys io log i ca l m a t u r i t y (a fu l le r descr ip t ion 
and a f l o w char t were pub l i shed in Research 
Bu l l e t i n no . 12). 
T h e m o d e l was ca l ib ra ted us ing records f r o m 
24 f ie ld t r ia ls i n w h i c h f ive cu l t i va rs o f s o r g h u m 
were g r o w n a t 1 C R I S A T Center in 1979 and 
1980 on t w o soils ( A l f i s o l and Ve r t i so l ) , and in 
t w o seasons ( ra iny and pos t ra iny ) . The regres­
s ion of s imu la ted yields against observed yields 
( F i g . 20) shows tha t the m o d e l s imula ted the 
range in g r a i n y ie ld we l l ( r2=0.82). M o r e o v e r , the 
F i g u r e 20 . C o m p a r i s o n o f o b s e r v e d a n d s i m u l a t e d g r a i n y i e l d ( n = 2 4 ) f o r f i v e s o r g h u m c u l t i v a r s ( 1 = C S H 1 , 2 = 
C S H 6 , 3 = S P V 3 5 1 , 4 = C S H 8 , 5 = M 35 -1 ) g r o w n o n t w o so i l s ( A l f i s o l Ve r t i so l ) i n r a i n y ( R ) a n d p o s t r a i n y ( P ) 
seasons o f 1980 a t I C R I S A T Cente r . 
A l f iso i 
Ver t i so l 
O b s e r v e d g r a i n y i e l d ( t h a - 1 ) 
y = (0.73 ± 0.36) + (0.88 ± 0 .09 )x , r2 = 0 .82 , 
P R < 0 . 0 1 , rse = 0.60. 
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regression l ine in tercept was n o t s ign i f i cant ly 
d i f f e ren t f r o m zero and the slope was n o t s igni f ­
i can t l y d i f fe ren t f r o m un i t y . 
T h e sens i t iv i ty o f the m o d e l to changes in the 
s tandard value of s ix parameters was tested in 
terms o f di f ferences in above-g round d r y mat ter 
( W ) o f s o r g h u m cu l t i va r ( C S H 6) g r o w n on a 
Ve r t i so l a t I C R I S A T Center in 1980 (Tab le 10). 
Parameters such as f r ac t i on of d r y mass be low 
g r o u n d ( X r ) and m a x i m u m roo t f r o n t ve loc i ty 
(u m ) needed to calculate r o o t g r o w t h and thus 
wa te r cap tu re , are d i f f i cu l t to measure. T h e 
s tandard va lue o f Xr used in the mode l was 0.30 
(he ld cons tan t f r o m emergence to the day when 
the r o o t f r o n t ve loc i ty reached its m a x i m u m 
va lue) . T h e s tandard value of um was 0.035 m 
d a y 1 . The s tandard value o f specif ic leaf area (B) 
needed f o r leaf g r o w t h and l i gh t capture was 40 
m 2 k g - 1 f r o m emergence t o the day when r o o t 
g r o w t h reached i ts va lue o f u m , and then 25 m 2 
k g - 1 f o r the ra iny season, and 22 m 2 k g - 1 f o r the 
pos t ra iny season. 
T h e o ther three parameters examined were 
water use ef f ic iency ( q D ) , l igh t use ef f ic iency (e), 
and i n i t i a l seed mass ( W 0 ) . The s tandard value of 
qD was 10.8 g k g - 1 k P a ; e was 1.8 g MJ -1 f r o m 
emergence to anthesis and then o n w a r d 1.1 g 
M J - 1 ; W 0 was 24 x 10 - 6 kg seed - 1 . These pa rame­
ters were ad jus ted one at a t i m e by increas ing 
T a b l e 1 0 . C o n d i t i o n s u n d e r w h i c h s o r g h u m 
c u l t i v a r ( C S H 6 ) w a s g r o w n , f o r use i n sens i t i v i ty 
a n a l y s i s , o n a V e r t i s o l d u r i n g t h e 1 9 8 0 r a i n y a n d 
p o s t r a i n y seasons a t I C R I S A T C e n t e r . 
D a t e o f emergence 
A v a i l a b l e so i l w a t e r a t 
s o w i n g ( m m ) 
I r r i g a t i o n ( m m ) 
R a i n f a l l ( m m ) 
D a y s f r o m emergence 
t o m a t u r i t y 
A b o v e - g r o u n d d r y m a t t e r 
( t h a - 1 ) 
R a i n y 
5 J u l 
102 
0 
557 
84 
11.3 
P o s t r a i n y 
1 D e c 
202 
206 
57 
96 
11.1 
and decreasing the s tandard va lue used in the 
s i m u l a t i o n o f the f ie ld da ta in steps o f The 
percentage change in W, as a result of assuming 
d i f fe rent values fo r each parameter was c o m ­
pared f o r ra iny and pos t ra iny seasons ( F i g . 21). 
The most sensitive parameters are those respon-
sible f o r c rop establ ishment and d ry mat te r 
a c c u m u l a t i o n . F o r examp le , c rop g r o w t h i n the 
pos t ra iny season was dependent on water up take; 
whereas a decrease in Xr in the post ra iny season 
decreased W a lmost l inear ly , a f u r t he r increase 
i n X r f r o m the s tandard va lue d i d no t al ter W . I n 
the ra iny season when crops received i n t e rm i t ­
tent r a i n , changes in Xr d id not affect W, un t i l i t 
reached 0.9 and caused a serious imbalance 
between leaf and r o o t g r o w t h . Changes in u m d i d 
no t affect W in the ra iny season, bu t reduced W 
somewha t by reduc ing u m . W d i d no t increase 
w i t h an increase in B, bu t decreased w i t h a 
decrease in B i m p l y i n g t ha t the s tandard value of 
B was close to o p t i m a l f o r l igh t in te rcep t ion . 
There was a s t rong in te rac t ion between seasons 
and soi ls f o r e and q D . D u r i n g the ra iny season 
w i t h m o r e l i g h t - l i m i t i n g days, W was sensitive to 
e bu t d u r i n g the pos t ra iny season w i t h m o r e 
w a t e r - l i m i t i n g days, W responded to changes in 
q D . Changes i n W 0 had essent ial ly very l i t t le o r 
no effect on W. Th i s analysis d raws a t ten t ion to 
the need to ob ta i n better estimates of some of the 
parameters. 
The R E S C A P m o d e l , o r ig ina l l y developed f o r 
s o r g h u m , has been adopted f o r m i l l e t , g r o u n d -
n u t , and ch ickpea (Cicer arietinum L.) . An 
account o f progress w i t h the ch ickpea mode l 
f o l l ows . 
Crop-spec i f i c coeff ic ients and parameters f o r 
s o r g h u m c r o p were replaced by those o f ch ick-
pea c rop . We assumed (1) tha t when water was 
n o t l i m i t i n g and tha t the l igh t use eff ic iency (e) 
was 0.67 g of d r y mat te r p roduced MJ - 1 of in te r ­
cepted solar r a d i a t i o n ; and (2) tha t w h e n water 
was l i m i t i n g , the no rma l i zed water use ef f ic iency 
( q D ) was 4.8 g k g - 1 k P a . M a x i m u m extens ion o f 
the r o o t f r o n t was taken as 0.015 m day - 1 , 
reached in ch ickpea abou t 20 days after emer­
gence ( D A E ) . O the r componen ts o f soi l wa ter 
balance are est imated in the same fash ion as f o r 
R E S C A P - s o r g h u m . 
C h i c k p e a deve lopmen t is de te rm ined by t e m -
pera tu re , p h o t o p e r i o d , and water def ic i ts . C o n -
s ide r ing the changes in d r y ma t te r a l l oca t i on 
w i t h d e v e l o p m e n t , g r o w t h can be d i v i ded i n t o 
three phases: emergence to f lower ing (GS1) , 
f l o w e r i n g t o p o d i n i t i a t i o n ( G S 2 ) , and p o d 
i n i t i a t i o n t o phys io log ica l m a t u r i t y (GS3) . The 
d u r a t i o n o f GS1 was c o m p u t e d f r o m p h o t o p e -
r i o d and t h e r m a l t ime , and those o f GS2 and 
GS3 f r o m t h e r m a l t ime . T h e du ra t i ons o f a l l 
phases were f u r t h e r adjusted to account f o r the 
rise o f fo l iage tempera tu re when the c rop was 
shor t o f water . 
T h e f r a c t i o n o f above -g round d r y mat te r ( W ) 
was d i v i ded between leaves, stems, pods, ana 
seeds in p r o p o r t i o n s w h i c h changed w i t h p lan t 
age. F r o m emergence t o p o d i n i t i a t i o n , 5 0 % o f 
the a b o v e - g r o u n d d ry ma t te r ( W ) was a l located 
to leaves and the rema in i ng 5 0 % to stems i n c l u d ­
ing branches. A f t e r p o d i n i t i a t i o n , the f r ac t i on 
a l located to pods (pod w a l l + seed) was increased 
at a constant rate f r o m 0 to 1.1 to a l l ow up to 
10% t r ans l oca t i on t o pods f r o m leaves. S i m ­
i l a r l y , a t the beg inn ing o f p o d f i l l , the f r a c t i o n 
a l loca ted to seeds was increased f r o m 0 to 1.1 
w i t h c r o p age. I f the p lan t exper ienced wate r 
stress, vegetat ive g r o w t h was suppressed and 
p r o p o r t i o n a t e l y more assimi late was a l located 
Figure 21. Percentage of above-ground dry matter (W)at maturity (W, using standard value of each parameter) as 
a function of fraction of standard values of Xr, W0, B and e parameters for sorghum cultivar CSH 6 grown in rainy 
and postrainy seasons of 1980 on a Vertisol at ICRISAT Center. 
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to leaves by fac tors de termined by cu l t i va r ca l i ­
b r a t i o n . A f t e r p o d i n i t i a t i o n , the a l l oca t i on t o 
stems decreased exponent ia l l y f r o m 0.5 to a m i n ­
i m u m va lue de termined by the t ime after pod 
i n i t i a t i o n . A f t e r assimilates were al located to 
pods and stems, the rema in ing f r a c t i o n was a l l o ­
cated to leaves. 
The m o d e l was ca l ibrated w i t h measurements 
of A n n i g e r i t aken in 1985 and JG 74 in 1987, and 
then used to predic t b iomass, seed y ie ld , and 
e v a p o t r a n s p i r a t i o n ( E T ) f o r o ther seasons. A 
t o t a l of 27 independent da ta sets f o r seasons 
f r o m 1978 to 1986 was avai lable fo r test ing. 
S imu la ted t o ta l d r y mat te r was s t rong ly cor re ­
lated (r2=0.86, P < 0 . 0 1 ) w i t h observed to ta l d r y 
ma t te r y ie lds ( F i g . 22). S im i l a r l y s imula ted seed 
y ie lds and ET were wel l cor re la ted w i t h observa­
t ions (r2=0.71 fo r seed y ie ld and r2=0.85 fo r E T ) 
(F igs . 23 and 24). These cor re la t ions suggest tha t 
the m o d e l cou ld be used more wide ly to assess 
water requ i rements and the associated biomass 
and seed yields of ch ickpea in response to so i l 
wa ter ava i lab i l i t y and supp lementa l i r r i ga t i on . 
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Figure 23. Comparison of observed and simulated 
grain yields of chickpea cultivars, Annigeri (1978, 
1979, and 1980 postrainy seasons) and JG 74 (1986 
postrainy season) grown on a Vertisol at l C R I S A T 
Center. 
Figure 24. Comparison of observed and simulated 
evaporation for chickpea cultivars, Annigeri (1978, 
1979, and 1980 postrainy seasons) and JG 74 (1986 
postrainy season) grown on a Vertisol at ICRISAT 
Center. 
Figure 22. Comparison of observed and simulated 
total dry matter yield of chickpea cultivars, Annigeri 
(1978, 1979, and 1980 postrainy seasons) and JG 74 
(1986 postrainy season), grown on a Vertisol at ICRl-
SAT Center. 
y = (0 .41 ± 0.31) + (0 .94 ± 0 .07)x , r2 = 0 .87 , 
P R < 0 . 0 1 , rse = 0 .49. 
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y = ( -0 .25 ± 0.27) + (1.11 ± 0.14) x, r2 = 0.72, 
P R < 0 . 0 1 , rse = 0.33. 
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W a t e r I n t e r a c t i n g w i t h N i t r o g e n 
E x p e r i m e n t ( W I N E ) 
I n par ts o f I n d i a where s o r g h u m i s g r o w n on 
Ver t i so ls d u r i n g the pos t ra iny season, y ields are 
l im i t ed by the inef f ic ient up take o f N f r o m the 
so i l near the surface, w h i c h is r ap id l y d r ied by 
roo ts and rare ly rewet ted by ra i n t h r o u g h o u t the 
season. Fer t i l i ze r management is based a lmos t 
en t i re l y on results f r o m f ie ld t r ia ls w h i c h are 
speci f ic to sites and seasons. M o d e l i n g , as a basis 
f o r deve lop ing bet ter systems o f management , 
has made l i t t le progress because the i n te rac t i on 
of wa te r and N w i t h r o o t systems is l i t t l e unde r ­
s t o o d . I n f o r m a t i o n is needed to relate rates o f 
wa te r and N up take to the g r o w t h o f roo ts w h i c h 
p r o v i d e a ' supp l y ' to the rest o f the p l an t and to 
the g r o w t h o f shoo ts w h i c h d e t e r m i n e the 
' d e m a n d ' . A mu l t i d i s c i p l i na r y exper imen t to 
o b t a i n th is i n f o r m a t i o n had these object ives: (1) 
t o s tudy the g r o w t h and ac t i v i t y o f s o r g h u m r o o t 
systems and o f fo l iage in r e l a t i on to water and N 
ava i l ab i l i t y ; (2) to parameter ize the up take o f 
wa te r and N by roo ts to ex tend a comprehens ive 
R E S C A P m o d e l descr ibed ear l ier . 
S o r g h u m genotype S P H 280 was g r o w n on a 
Ve r t i so l d u r i n g the 1988/1989 pos t ra iny season. 
T h e expe r imen t consisted o f t w o water regimes, 
the m a i n p l o t t rea tmen ts , and six N levels ap ­
p l ied to subp lo ts , w i t h three rep l ica t ions . T h e 
mo is tu re regimes were: (1) no i r r i g a t i o n af ter 
emergence, (2) i r r i g a t i o n in the 1st, 3 r d , 5 t h , and 
8 th week af ter emergence g i v i ng a t o t a l of 150 
mm of water . The six N levels were 0, 30, 60, 90, 
120, and 150 kg N h a - 1 , app l ied w i t h a basal 
a p p l i c a t i o n o f P and Zn immed ia te l y before sow­
i n g . T h e en t i re e x p e r i m e n t a l area was i r r i ga ted 
on 30 Oc tobe r 1988 to b r i n g the soi l to f ie ld 
capac i ty ; the c r o p emerged on 4 N o v e m b e r 1988 
and was harvested on 22 Feb rua ry 1989. 
C r o p g r o w t h and nu t r i en t up take were m o n i ­
t o red by r e m o v i n g samples week ly f r o m a 1 m2 
area. R o o t samples and so i l samples ( f o r i n o r ­
gan ic N) were t a k e n every 2 weeks. A 0.6 x 0 .8 -m 
area i n c l u d i n g e ight p lants was excavated d o w n 
to 0.6 m and deeper so i l was removed by c o r i n g 
d o w n 2.0 m. So i l mo is tu re was measured every 
week to a dep th of 1.65 m, by the n e u t r o n scatter­
i ng m e t h o d . M i c r o c l i m a t i c character ist ics were 
m o n i t o r e d con t i nuous l y . The in te rcep t ion o f 
t o t a l so lar r a d i a t i o n was measured us ing tube 
so la r imeters and tha t o f q u a n t a was measured 
us ing q u a n t u m sensors, ins ta l led unde r the c a n ­
opy in a l l t reatments . 
R o o t mass increased up to the d o u g h stage (93 
D A E ) and then leveled o f f o r dec l ined under 
b o t h i r r i ga ted and non i r r i ga ted cond i t i ons ( F i g . 
25). T h e roo t - shoo t r a t i o reached a m a x i m u m 
between 0.21 and 0.34 depend ing on N app l i ca ­
t i o n rate and i r r i g a t i o n level a r o u n d panic le 
i n i t i a t i o n (31 D A E ) , and then decl ined to a m i n ­
i m u m o f a b o u t 0.10 a t harvest , a lmos t i ndepen ­
dent o f N and i r r i g a t i o n . A r o u n d pan ic le i n i t i a ­
t i o n , di f ferences in roo t -shoo t ra t ios between N 
levels were larger t h a n those d u r i n g o ther g r o w t h 
stages, and the t rea tments w i t h less N and no 
i r r i g a t i o n had s l igh t ly h igher r o o t - s h o o t ra t ios . 
These responses suggest t ha t the p a r t i t i o n o f 
p h o t o s y n t h a t e is in f luenced by avai lab le so i l N 
d u r i n g ear ly g r o w t h and tha t the r o o t system 
serves as a s t rong s ink when N or water is in shor t 
supp ly . 
I r respect ive o f water t r ea tmen t , t o t a l r o o t 
l eng th increased steadi ly f r o m 19 D A E to 45 
D A E and then decreased u n t i l 7 5 D A E . I t t hen 
increased up to d o u g h stage (93 D A E ) and 
f i na l l y dec l ined ( F i g . 26). A t 9 3 D A E , r o o t 
leng th densi ty per un i t v o l u m e across a l l N levels 
was s ign i f i can t l y larger at a dep th of 180 c m , and 
was larger be low a dep th of 165 cm w i t h o u t 
i r r i g a t i o n ( F i g . 26). 
T h e r o o t systems seemed to possess the ab i l i t y 
to f i n d and e x p l o i t wet ter soi l by ex tend ing roo ts 
w h e n the c r o p was shor t o f water . T h e sharp 
increase in t o t a l r o o t leng th densi ty between 74 
C a r e f u l studies are needed on the in f luence o f 
the e n v i r o n m e n t , and general management on 
g r o w t h and ex tens ion o f r o o t system o f ch ickpea 
and a l l o c a t i o n o f assimi lates to d i f fe ren t p l an t 
par ts . To ex tend the use o f the m o d e l to o ther 
e n v i r o n m e n t s and cu l t i va rs , i n f o r m a t i o n needs 
to be generated on base tempera tu re , ce i l ing 
tempera ture , and pho tope r i od sensi t iv i ty o f o ther 
ch ickpea cu l t i va rs . 
and 93 D A E ( late f l o w e r i n g t o d o u g h stage) ( F i g . 
27) resul ted f r o m fu r the r b ranch ing and e longa­
t i o n , apparen t l y s t imu la ted by a demand f o r 
water . 
L e a f area responded to N over most of the 
g r o w i n g season and to water f r o m the 8 th week. 
I n t e r a c t i o n between water and N became evident 
f r o m the 10th week. W i t h o u t i r r i g a t i o n , leaf area 
increased w i t h the app l i ca t i on o f abou t 60 kg N 
h a - 1 b u t there was l i t t le response at h igher levels 
o f N. W i t h i r r i g a t i o n , the N response was 
ex tended to 120 kg N ha - 1 . Measurements of 
q u a n t u m in te rcept ion ( F i g . 28) show that the 
canopy closed abou t 8 weeks af ter emergence 
w h e n water was suppl ied but was no t ma in ta ined 
on p lo ts rece iv ing less t h a n 90 kg N ha - 1 . W i t h 
i r r i g a t i o n , less l ight was in tercepted at al l levels 
o f N (except zero) compared w i t h non i r r i ga ted 
t rea tments . The a n o m a l y f o r the zero N t rea t ­
ment may have been a result of leaching. 
D u r i n g g ra i n f i l l i n g , leaf area decl ined faster 
on the i r r i ga ted p lo ts t h a n on the non i r r i ga ted 
Figure 25. R oot biomass of irrigated and rainfed treatments and four N application rates in a sorghum (SPH 280) 
sowing at ICRISAT Center during 1989. 
Resource Management 221 
Figure 26. Root length in irrigated and rainfed treatments and four N application rates in a sorghum (SPH 280) 
sowing at ICRISAT Center during 1989. 
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p lo t s , poss ib ly because there was m o r e r e m o b i l i -
z a t i o n o f assimi lates t o panic les a n d / o r m o r e 
wa te r stress because of faster rates of evapora -
t i o n d u r i n g vegetat ive g r o w t h . 
T h e response o f shoot d r y mat te r p r o d u c t i o n 
to N and water was less p ronounced t h a n the 
response of leaf area, and the in te rac t ion between 
wa te r and N was bare ly s ign i f i cant . H o w e v e r , 
i r r i g a t i o n d i d increase the rate o f d r y ma t t e r 
p r o d u c t i o n a t a l l levels o f N . U n d e r i r r i g a t i o n , 
the t o t a l d r y ma t te r a t m a t u r i t y increased, w i t h 
N up to 90 kg ha - 1 , wh i l e w i t h o u t i r r i g a t i o n the 
l i m i t was 60 kg N ha - 1 ( F i g . 29). The response of 
g ra i n y ie ld was s imi lar . W h e n no water was ap­
p l i ed , the ef f ic iency w i t h w h i c h in tercepted r a d i ­
a t i o n was s tored as d r y ma t te r was a lmost i nde ­
pendent of N app l i ca t i on at abou t 1.10 g MJ-1 
( F i g . 30). W i t h i r r i g a t i o n , the eff ic iency increased 
sha rp l y w h e n N increased f r o m 0 to 30 kg ha - 1 
and then m o r e g radua l l y to a m a x i m u m o f abou t 
1.5 g M J - 1 at 150 k g N ha - 1 . 
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Figure 27. Root length density and rooting depth in 
irrigated and rainfed sorghum (SPH 280) grown at 
l C R I S A T Center during the 1989 post rainy season. 
Figure 28. Quantum interception for irrigated and rainfed treatments and four N rates in a sorghum (SPH 280) 
crop grown at ICRlSAT Center during the 1989 postrainy season. 
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A m a j o r object ive of agro fores t ry research at 
I C R I S A T Center i s to p roduce fodder d u r i n g 
the d r y season (January -June) w i t h o u t sacr i f ic­
i ng c rop y ie ld d u r i n g the ra iny season (June-
Oc tober ) . Ear l ier invest igat ions a t I C R I S A T 
Center and C R I D A have consistent ly shown 
tha t al ley c r o p p i n g w i t h Leucaena leucocephaJa 
is no t acceptable because yields of many d r y l a n d 
c rops are great ly reduced. We have therefore 
t u rned ou r a t ten t i on to perennia l p igeonpea 
w h i c h has an app rop r ia te pheno logy fo r in ter ­
c r o p p i n g , tha t is, s low g r o w t h d u r i n g the ra iny 
season and a deep r o o t i n g hab i t w h i c h fac i l i ta tes 
u t i l i z a t i o n o f res idual soi l mo is tu re in the d r y 
season. 
I m p r o v e m e n t o f P r o d u c t i o n 
Systems 
P e r e n n i a l P igeonpea fo r 
A g r o f o r e s t r y Uses 
Figure 29. Relationship between total dry matter production and applied N for irrigated and rainfed treatments in a 
sorghum crop grown at 1CRISA T Center during the 1989 postrainy season. 
Figure 30. Relationship between radiation use eff i -
ciency and applied N for rainfed and irrigated t reat -
ments in a sorghum crop grown at ICRlSAT Center 
during the 1989 postrainy season. 
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Prev ious perenn ia l p igeonpea studies ( I C R I -
S A T A n n u a l R e p o r t 1987, p . 309) iden t i f i ed v a ­
r iet ies w i t h resistance t o w i l t and s te r i l i t y mosa ic 
disease and w i t h a h i g h p o t e n t i a l f o r g r a i n and 
f u e l w o o d p r o d u c t i o n . Var ie t ies l i ke I C P L - 8 0 9 4 
have p roduced up to 2.0 t h a - 1 o f g ra in a t p o p u l a ­
t i ons o f 1.5-9.5 p lants m - 2 i m p l y i n g tha t there is 
cons iderab le scope f o r i n t e r c r o p p i n g w i t h o u t 
r educ ing g ra i n y i e l d . I n the f i rs t 18 m o n t h s f o l ­
l o w i n g s o w i n g , 21 -24 t h a - 1 o f f u e l w o o d were 
p r o d u c e d by a sole s tand o f I C P L - 8 0 9 4 g r o w n 
on A l f i so l s . In 1987 and 1988, we examined the 
su i t ab i l i t y o f I C P L - 8 0 9 4 f o r i n t e r c r o p p i n g w i t h 
s o r g h u m and g r o u n d n u t w h i c h are c o m m o n l y 
i n te r c ropped w i t h annua l p igeonpea i n pen insu­
la r I n d i a . T r a d i t i o n a l l y , fa rmers i n pen insu la r 
I n d i a sow 6 - 2 0 rows o f s o r g h u m o r g r o u n d n u t 
a l te rna te ly w i t h one o r t w o p igeonpea rows , 
a l t h o u g h research a t I C R I S A T Center and else­
where showed tha t e i ther a 2:1 r o w ar rangement 
o f s o r g h u m and p igeonpea or a 4:1 r o w a r range­
men t o f g r o u n d n u t and p igeonpea i s m o r e p r o ­
duc t i ve and p ro f i t ab le . 
In 1988, I C P L - 8 0 9 4 (sole c rop ) was c o m p a r e d 
w i t h a m e d i u m - d u r a t i o n p igeonpea var ie ty ( I C P 
1-6) in a 2:1 r o w a r rangement o f s o r g h u m ( C S H -
6) and p igeonpea on a Ve r t i so l and a 4:1 ar range­
men t o f g r o u n d n u t and p igeonpea on an A l f i s o l 
a t I C R I S A T Center . P l a n t spac ing on the Ve r ­
t i so l site was 45 x 10 cm f o r s o r g h u m and 75 * 22 
cm f o r p igeonpea ; on the A l f i s o l site i t was 30 x 
10 cm f o r g r o u n d n u t and 60 x 20 cm f o r p i geon -
pea. A t b o t h sites, I C P L - 8 0 9 4 was near ly as 
p r o d u c t i v e as I C P 1-6 in te rms o f g ra in y ie ld b u t 
p r o d u c e d m o r e b iomass a t the Ve r t i so l site 
(Tab le 11). F u r t h e r m o r e , c o m p a n i o n c rop yie lds 
were s im i la r i n b o t h in tercrops resu l t ing i n c o m ­
b ined l a n d equ iva len t ra t ios ( L E R s ) of 1.3 to 1.6 
over b o t h g r a i n and b iomass on the Ve r t i so l and 
1.52 to 1.75 on the A l f i s o l . L a n d equ iva lent r a t i o 
o f I C P L - 8 0 9 4 was consis tent ly l ower t h a n tha t 
o f I C P 1-6 largely because I C P L - 8 0 9 4 pe r fo rmed 
re la t ive ly bet ter in a sole c r o p p i n g . T h u s , I C P L -
8094 can be used in c o n v e n t i o n a l ra iny-season 
i n t e r c r o p p i n g systems w i t h o u t s ign i f i can t ly re ­
d u c i n g c o m p a n i o n c rop yields. 
T a b l e 1 1 . C o m p a r i s o n o f g r a i n y i e l d , b i o m a s s , a n d l a n d e q u i v a l e n t r a t i o ( L E R ) o f p i g e o n p e a c u l t i v a r s 
I C P L - 8 0 9 4 a n d I C P 1-6 i n t e r c r o p p e d w i t h s o r g h u m o n a V e r t i s o l a n d w i t h g r o u n d n u t o n a n A l f i s o l , 
I C R I S A T C e n t e r , r a i n y s e a s o n 1 9 8 8 . 
C r o p s / c u l t i v a r s 
S o r g h u m / p i g e o n p e a 
I C P L - 8 0 9 4 
I C P 1-6 
S E 
C V (%) 
C r o p s / c u l t i v a r s 
G r o u n d n u t / p i g e o n p e a 
I C P L - 8 0 9 4 
I C P 1-6 
S E 
C V ( % ) 
G r a i n y i e l d ( t ha - 1 ) 
S o r g h u m 
2.64 
2 .63 
±0 .17 
11.0 
P i g e o n p e a 
0.77 
0 .99 
±0.07 
13.6 
G r a i n y i e l d ( t h a - 1 ) 
G r o u n d n u t 
1.22 
1.30 
±0 .05 
7.1 
P i g e o n p e a 
0 .94 
1.00 
±0.05 
8.2 
B i o m a s s ( t h a - 1 ) 
S o r g h u m 
5.80 
5.47 
±0 .47 
14.4 
P i g e o n p e a 
3.63 
3 .69 
±0 .10 
4 .6 
B i o m a s s ( t h a - 1 ) 
G r o u n d n u t 
3.98 
3.58 
± 0 . 3 0 
13.8 
P i g e o n p e a 
3.91 
2 .90 
±0.09 
4.7 
T o t a l L E R 
G r a i n 
1.41 
1.60 
B i o m a s s 
1.31 
1.43 
T o t a l L E R 
G r a i n 
1.61 
1.75 
B i o m a s s 
1.52 
1.60 
- -
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D u r i n g the d r y season, p igeonpea was cut 
tw ice to 0.5 m f o r f odde r p r o d u c t i o n in b o t h 
soi ls. On the A l f i s o l , I C P 1-6 f lowered w i t h i n 
weeks o f c u t t i n g , bu t f resh fodder p r o d u c t i o n 
was l ower t h a n the 3 t ha - 1 p roduced by I C P L -
8094. Dry -season fodder p r o d u c t i o n on the 
A l f i s o l was s im i la r to tha t repor ted f o r leucaena 
on a s im i la r A l f i s o l ( I C R I S A T A n n u a l Repor t 
1988, p . 185). On the Ve r t i so l , on l y I C P L - 8 0 9 4 
su rv i ved t i l l the end o f the d r y season and p r o ­
duced very l i t t l e fodder . Th is was surpr is ing 
since an adjacent t r i a l w i t h I C P L - 8 0 9 4 at 1 x 1-m 
spac ing p r o d u c e d 5.5 -5 .7 t h a - 1 o f f resh f odde r 
d u r i n g the same p e r i o d . So i l analysis ind ica ted 
no n u t r i e n t d isorders or so i l pathogens. These 
observat ions h igh l i gh t the impor tance of spac­
i ng f o r the su rv i va l and p r o d u c t i v i t y o f perenn ia l 
p igeonpea. 
In a separate t r i a l we examined the in te rac t ion 
between perenn ia l p igeonpea and crops d u r i n g 
the r a i ny and pos t ra iny seasons on a sha l low 
Ve r t i so l . I C P L - 8 0 9 4 was sown in June 1987 at 
1 * 1-m spac ing in b locks (32 rows x 36 m) or in 
st r ips (4 rows x 36 m) w i t h 9 m of crops between 
the st r ips. In the f i rs t year, so rghum was sown 
between p igeonpea str ips d u r i n g the ra iny sea­
son f o l l o w e d by ch ickpea in the pos t ra iny sea­
son. In Feb rua ry 1988, the p igeonpea was cut to 
1.0 m. De ta i l ed measurements began in 1988 
w h e n sun f l ower (Helianthus annuus L.) (cv 
M o r d e n ) was sown in June and ch ickpea (cv 
A n n i g e r i ) in October . In the second year, p igeon­
pea p roduced 3.7 ±0.4 t h a - 1 of g ra in and 22.3 
±3.2 t h a - 1 o f b iomass in the st r ip spacing t reat ­
ment compared to 2.04±0.23 t ha - 1 o f g ra in and 
15.3 ±2.20 t h a - 1 o f b iomass in the b lock spacing 
t rea tmen t . These yields are substant ia l ly greater 
t h a n those f r o m a m e d i u m - d u r a t i o n p igeonpea, 
w h i c h p r o d u c e d 1.0±0.14 t h a - 1 o f g ra in and 
2.4±0.05 t h a - 1 of b iomass in a nearby f ie ld . By 
June 1989, p lan t m o r t a l i t y was 4 4 % in b lock 
spac ing t rea tmen t and 18% in s t r ip spacing 
t rea tmen t . These observat ions are consistent 
w i t h p rev ious f ind ings tha t l o w p lan t p o p u l a ­
t i ons are necessary f o r greater p lan t surv iva l and 
h igher p r o d u c t i v i t y in perenn ia l p igeonpea. 
Rainy-season sun f lower g r o w t h was reduced 
b y a b o u t 5 0 % w i t h 0 .5-m r o w spacings o f 
p igeonpea bu t th is was m o r e t h a n compensated 
f o r by increases o f 150% in g ra in y ie ld o f ne igh ­
b o r i n g p igeonpea (F ig . 31). D u r i n g the pos t ra iny 
season, ch ickpea establ ishment was severely 
affected at 0.5-2.5 m distance f r o m pigeonpea. I t 
w o u l d be better to have a lower perenn ia l 
p igeonpea p o p u l a t i o n to reduce compe t i t i on ; o r 
to avo id sow ing a pos t ra iny c rop , d ispers ing 
p igeonpea more evenly as a single r o w at 2 - 4 - m 
spacing to op t im ize up take o f res idua l so i l 
mo is tu re . 
A l t h o u g h the ra iny-season c rop y ie ld o f ch ick -
pea was l i t t le affected by perenn ia l p igeonpea in 
the f i rs t year, the vegetat ive g r o w t h of p igeonpea 
was excessive w i t h many branches fa i l i ng to 
p roduce g ra in . T w o p r u n i n g t reatments were 
imposed on the b lock and s t r ip t rea tments in 
A u g u s t 1988 to remove: (1) a l l branches at 1.0 m 
o r (2) 5 0 % o f the branches. R e m o v a l o f a l l 
branches resul ted in 9 0 % p lan t m o r t a l i t y and a 
f resh fodder y ie ld of 20.2±3.3 t ha - 1 . The 5 0 % 
p r u n i n g d id no t result i n p lan t m o r t a l i t y and 
p r o d u c e d 1.5 t ha - 1 of g ra i n ( 2 4 % less t h a n the 
u n p r u n e d c o n t r o l ) and 8.5 t h a - 1 o f f resh fodde r . 
F o l l o w i n g a late g ra in harvest in Janua ry 
1989, perenn ia l p igeonpea was cut to 1 m and 
three t rea tments were imposed to de te rmine the 
best p r u n i n g regimes fo r dry-season fodder p r o ­
d u c t i o n . T rea tments consisted o f p r u n i n g i n : (1) 
M a r c h , A p r i l , and M a y ; (2) A p r i l and M a y ; and 
(3) a single cut in M a y . Three p run ings p roduced 
5.5 t h a - 1 and t w o p run ings p roduced 5.7 t ha - 1 of 
f resh fodder wh i le the single cu t t i ng p roduced 
o n l y 3.4 t h a 1 . W i t h 2 -3 p run ings , p lants 
remained vegetat ive and were more p roduc t i ve 
whereas w i t h a single cu t t i ng , they f l owered . 
We conc lude tha t perennia l p igeonpea shou ld 
be managed as a tree after the second year of 
g r o w t h , bu t un l i ke Leucaena leucocephaJa, i t is 
no t able t o recover f r o m comple te p r u n i n g d u r ­
i ng the ra iny season. The advantages o f peren­
n ia l p igeonpea as an agro fo res t ry species are: 
absence o f s t rong c o m p e t i t i o n w i t h in te rc rops , 
ease of p lan t establ ishment , good economic 
re turns f r o m gra in p r o d u c t i o n w i t h i n the f i rs t 
year, and h igh fodder p r o d u c t i o n d u r i n g the d r y 
season compared to leucaena ( I C R I S A T A n n u a l 
Repo r t 1988, p. 185). Howeve r , l i ke a n n u a l 
E v a l u a t i o n o f L e g u m e s fo r C e r e a l / 
L e g u m e C r o p p i n g Systems 
Pear l m i l l e t / c o w p e a c r o p p i n g systems are p re ­
va len t in the Sahel . Forage legume accessions 
were tested in pure stands beg inn ing in 1985 w i t h 
the ob jec t ive o f d i ve rs i f y i ng th is system. E igh t 
o u t o f 34 accessions ob ta ined f r o m C e n t r o 
I n t e r n a c i o n a l d e A g r i c u l t u r a T r o p i c a l ( C I A T , 
C o l u m b i a ) and C o m m o n w e a l t h Sc ient i f ic and 
I n d u s t r i a l Research Organ isa t i on ( C S I R O , A u s ­
t ra l i a ) were re ta ined af ter p r e l i m i n a r y t r ia ls in 
1985 i n c l u d i n g Stylosanthes spp, and Ccntro-
sems brasilianum. A loca l S. fruticosa was also 
i nc luded . 
Sowings at 4 kg ha - 1 were done on 5 M a y 1986, 
6 J u l y 1986, and 11 June 1987. A fe r t i l i ze r a p p l i ­
c a t i o n of 13 kg P h a - 1 was g i ven at s o w i n g . T h e 
p lan ts were harvested at a he ight of 10 cm in 
Oc tober 1986, in N o v e m b e r 1987, and in N o v e m ­
ber 1988. 
In 1987, three accessions (Stylosanthes guia-
nensis, S. sympodialis, and C. brasilianum) d i d 
n o t surv ive the 1986/87 d r y season and were 
d i scon t i nued . T w o new cu l t i vars of S. viscosa 
were added to the r e m a i n i n g six Stylosanthes 
accessions. In a l l three years, g r o w t h o f annua l 
Stylosanthes spp sowings and a n n u a l r e g r o w t h 
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Figure 31. Relationship between pigeonpea sole crop yield (2 years), chickpea grain yield (2 years), and sunflower 
grain yield, and distance from pigeonpea hedgero w for so wings made at l C R I S A T during the 1987 and 1988 rainy 
seasons. 
p igeonpea, pe renn ia l p igeonpea is also suscept i ­
ble to damage by pests such as Helicoverpa 
armigera, a n d t h e r e f o r e t i m e l y s p r a y i n g is 
necessary. 
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C h i c k p e a (1st year ) 
P i g e o n p e a ( 2 n d year ) 
P i g e o n p e a (1st year ) 
of A. hamata cv 147 and 5. fruticosa sown in 
1986 were measured. R e g r o w t h of o ther species 
was poo r . 
S. hamata C I A T 147 and S. fruticosa p r o ­
duced acceptable yields in a d r y year (1987) and 
o u t s t a n d i n g yie lds in a g o o d ra in fa l l year (1988) 
(Tab le 12). S. hamata (a l l cu l t ivars) exh ib i ted 
b ienn ia l g r o w t h behav io r and d ropped leaves in 
d r o u g h t . S. fruticosa p e r f o r m e d better t h a n 
S. hamata, re ta in ing its leaves when d ry and has 
a pe renn ia l g r o w t h hab i t . We have begun eva l ­
u a t i n g these t w o species in pear l mi l le t in te r ­
c r o p p i n g systems. Ten accessions o f m o t h bean 
(Vigna aconitifolia [Jacq. ] Marechal) f r o m Rajas-
t h a n , I n d i a , were evaluated d u r i n g the 1987 
ra i ny season and seven were reta ined f o r fu r the r 
studies. These selections were sown on 7 J u l y 
1988 and 6 June 1989. A basal app l i ca t i on of 30 
kg P ha - 1 was made at sow ing . In b o t h years 
harvest ing was comple ted by mid-September . 
G r a i n yields f o r most accessions were rela­
t i ve ly h i g h in 1988 w i t h three entr ies y i e ld ing 
m o r e t h a n 0.5 t ha - 1 (Tab le 13). The 1989 sow ing 
T a b l e 1 3 . G r a i n y ie lds ( t h a - 1 ) a n d p l a n t d e n s i -
t ies ( p l a n t s m - 2 ) o f m o t h b e a n accessions, S a d o r e , 
N i g e r , r a i n y seasons 1 9 8 8 - 1 9 8 9 . 
M o t h bean 
accessions 
J M M 2 5 9 A 
B a l a s h w a r 12A 
I P C M O 131 
I P C M 0 9 1 2 A 
B a d a m i 12B 
B a l a s h w a r 12B 
J M M 2 5 9 B 
S E 
C V (%) 
19881 
G r a i n 
y ie ld 
0.42 
0.84 
0.59 
0.40 
0.21 
0.62 
0.21 
±0.20 
83 
D e n s i t y 
o n 
20 A u g 
10.5 
12.0 
13.8 
12.0 
11.0 
10.4 
9.6 
±1.0 
18 
1989 
D e n s i t y 
o n 
21 J u l 
14.0 
11.9 
13.3 
18.7 
12.3 
12.9 
11.0 
±2.7 
40 
D e n s i t y 
o n 
21 A u g 
10.9 
6.9 
8.7 
7.6 
6.7 
5.6 
8.8 
±1.4 
37 
1 . G r a i n y i e l d s w e r e l o w e r t h a n 0 .03 t h a - 1 , d e n s i t i e s a r e 
g i v e n b e f o r e a n d a f t e r a s t o r m e v e n t . 
T a b l e 1 2 . D r y m a t t e r f o r a g e y ie lds ( t h a - 1 ) o f Stylosanthes f o d d e r species , S a d o r e , N i g e r , r a i n y 
seasons 1 9 8 6 - 1 9 8 8 1 . 
Stylosanthes access ion 
S . c a p i t a t a ( C I A T 1315) 
S . c a p i t a t a ( C I A T 1019) 
S. m a c r o c e p h a l a ( C I A T 1643) 
S. hamata (cv V e r a n o ) 
5 . c a p i t a t a ( C I A T 10280) 
5 . hamata ( B a d i k a h a C I ) 
5 . h a m a t a ( C I A T 147) 
S. fruticosa ( l o c a l ) 
S E 
C V (%) 
1986 
s o w i n g 
0.102 
0.03 
0.54 
0.59 
5.30 
0.74 
±0.47 
40 
1987 
r e g r o w t h 
0.03 
0.03 
0.21 
0.03 
0.86 
1.97 
±0.235 
46 
1988 
r e g r o w t h 
0.03 
0.0 3 
0.0 3 
1.40 
2.80 
1.70 
±0 .444 
45 
1987 
s o w i n g 
0 .26 
0.45 
0.65 
1.21 
1.04 
1.80 
2.51 
0.84 
±0.093 
17 
1988 
r e g r o w t h 
9.70 
11.35 
5.63 
6.55 
18.48 
10.15 
16.68 
7.75 
±1 .231 
23 
1 . R a n d o m i z e d - b l o c k d e s i g n w i t h f o u r r e p l i c a t i o n s ; p l o t s ize 2 5 m 2 . 
2 . T h e s e v a l u e s a r e n o t i n c l u d e d i n t h e s t a t i s t i c a l a n a l y s i s . 
3 . N o h a r v e s t a b l e y i e l d a n d n o t i n c l u d e d i n s t a t i s t i c a l a n a l y s i s . 
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since y ie lds c o m p a r a b l e w i t h o the r c rops were 
possible w i t h th is m u l t i p u r p o s e c rop . 
E x t e n d i n g C o w p e a A d a p t a t i o n 
T h e c l ima te of the Sahel is ha rsh w i t h a sho r t 
r a i ny season ( < 9 0 days) f r o m June to Sep­
tember . The re is increas ing interest in i r r i ga ted 
cowpea p r o d u c t i o n d u r i n g the noncerea l season. 
Between N o v e m b e r and M a r c h , n igh t tempera ­
tures be low 2 0 ° C are c o m m o n and are k n o w n to 
reduce cowpea g r o w t h . On the o ther h a n d , n i gh t 
and day tempera tures between M a r c h and June 
are ex t reme ly h i g h , hence they reduce cowpea 
g r o w t h . 
In 1984 /85 , 295 cowpea cu l t i va rs were eva l ­
uated d u r i n g the coo l m o n t h s . The object ive o f 
th is t r i a l was to evaluate p l a n t emergence o f 
i n t r o d u c e d and loca l cu l t i va rs . So i l t empera ­
tures d u r i n g the t r i a l pe r i od were between 14°C 
and 2 0 ° C , l o w enough to de lay emergence i n 
some l ines up to 15 D A S . 
In 1985 /86 , these studies were ex tended to 
228 Resource Management 
was severely af fected by a 3-week d r o u g h t at the 
end o f J u l y and a heavy r a i n s t o r m (120 m m ) in 
A u g u s t . P lan t stands and y ie lds were severely 
reduced w i t h g r a i n y ie lds between 0.01 and 0 03 t 
h a - 1 (Tab le 14). M o t h bean does no t to lera te 
ex t reme cond i t i ons o f d r o u g h t and wa te r l ogg ing 
c o m m o n l y f o u n d i n the Sahel . 
We c o m p a r e d , a t w ide spacings (1 x 2 m ) , the 
g r o w t h and deve lopment o f loca l cowpea, runner 
and b u n c h g r o u n d n u t , b a m b a r a g r o u n d n u t 
(Vigna subterranea [ L . ] Ve rd i . ) , p igeonpea, 
m o t h bean , and guar (Cyampos i s tetragonolo-
bus [ L . ] T a u b . ) . M o t h bean fa i l ed . C a n o p y 
deve lopmen t was mos t r a p i d w i t h cowpeas bu t 
the de te rm ina te na tu re o f g ra in var iet ies resulted 
in ear ly leaf senescence and a reduced b iomass. 
L o c a l cowpea cu l t i vars p roduced mos t b iomass 
and achieved m a x i m u m in te rcep t i on o f l i gh t by 
60 D A S w h e n most o the r species had reached 
o n l y 2 5 % in te rcep t ion . G i ven the w ide p lan t 
spacings f o u n d i n f a r m i n g systems t h r o u g h o u t 
the Sahe l , the va lue o f a spread ing g r o w t h hab i t 
was we l l demons t ra ted . Harves t index was great­
est in pigeonpeas and b a m b a r a g r o u n d n u t (>0 .4 ) . 
G u a r p r o v e d to be w o r t h y o f f u r t he r research, 
T a b l e 1 4 . Y i e l d ( t h a - 1 ) o f c o w p e a c u l t i v a r s d u r i n g t h e c o o l season a t I S C , 1 9 8 5 - 1 9 8 8 1 . 
C u l t i v a r s 
1 9 8 5 / 8 6 
G r a i n 
I T 8 4 E - 1 - 1 0 8 0.76(4)3 
I T 8 3 D 237 
B 9 9 2-1 
A 7 3 - 1 - 2 
A 1 8 - 1 - I 
T N 2 7 - 8 0 
T N 8 8 - 6 3 
T N 2 - 7 8 
T N 5 - 7 8 
S E 
M e a n 
C V ( % ) 
0.18(9) 
0 .79(3) 
0 .61(6) 
0 .93(2) 
1.12(1) 
0.54(7) 
0 .49(8) 
0 .72(5) 
±0 .09 
0.64 
29 
F o d d e r 
0 .99(8) 
0 .58(9) 
1.62(5) 
2.03(1) 
1.84(3) 
1.81(4) 
1.90(2) 
1.09(7) 
1.33(6) 
±0 .19 
1.46 
26 
1 9 8 6 / 8 7 
G r a i n 
0.45(8) 
0 .35(9) 
0 .73(5) 
0 .77(3) 
0 .75(4) 
0 .79(2) 
0 .88(1) 
0 .52(7) 
0 .70(6) 
±0.08 
0.66 
23 
F o d d e r 
0.62(8) 
0 .65(7) 
0 .68(6) 
0 .70(4) 
1.05(2) 
0 .69(5) 
1.16(1) 
0 .48(9) 
0 .83(3) 
±0 .10 
0.81 
24 
1 9 8 7 / 8 8 2 
G r a i n 
0 .33(8) 
0 .17(9) 
0 .66(1) 
0 .55(3) 
0 .65(2) 
0 .42(7) 
0 .51(4) 
0 .47(6) 
0 .48(5) 
±0.05 
0.48 
23 
F o d d e r 
0.45(6) 
0.32(9) 
0 .71(2) 
0 .49(5) 
0.91(1) 
0.37(8) 
0.67(3) 
0 .43(7) 
0 .56(4) 
±0 .06 
0.54 
24 
M e a n 
G r a i n 
0.51(7) 
0 .23(9) 
0 .73(3) 
0 .64(4) 
0.78(1) 
0.78(1) 
0 .64(4) 
0 .49(8) 
0 .63(6) 
F o d d e r 
0 .85(5) 
0 .52(9) 
0 .81(6) 
0 .86(4) 
1.26(1) 
1.13(3) 
1.18(2) 
0 .67(8) 
0 .78(7) 
1 . R a n d o m i z e d c o m p l e t e b l o c k d e s i g n w i t h f o u r r e p l i c a t i o n s , p l o t s ize 1 8 m 2 . 
2 . F i v e r e p l i c a t i o n s u s e d . 
3 . V a l u e s i n p a r e n t h e s e s a r e r a n k s . 
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eva luate the effects o f l o w n igh t tempera tu re 
d u r i n g the rep roduc t i ve p e r i o d . A set of 254 
i n t r o d u c e d and l oca l cu l t i va rs was g rouped i n t o 
sets of 20 entr ies each and sown on 5 N o v e m b e r 
i n t o s ing le - row p lo ts of 4 m length . T w o rep l i ­
cates were s o w n . The pheno log ica l stages re­
co rded were: emergence, f l ower bud f o r m a t i o n , 
f i rs t f l ower , f i rs t r ipe p o d , and phys io log ica l 
m a t u r i t y . L o w e r temperatures extended the pe­
r i o d o f vegetat ive g r o w t h . In some l ines, f l ower 
abscission was very c o m m o n and pods were 
p o o r l y f i l l ed . As a g r o u p , m e d i u m - m a t u r i n g 
l ines (70 -85 days) were most sensitive to coo l 
temperatures. 
In 1986/87 , 100 p r o m i s i n g l ines were eva l ­
ua ted . These were sown in s ing le- row plots rep l i ­
cated three t imes in a randomized complete 
b l o c k design. Pheno logy and p r o d u c t i o n o f t o t a l 
b iomass , pods , and seed were measured. C o n ­
siderable v a r i a t i o n between l ines f o r most mea­
sured characters was no ted . 
In a d d i t i o n to ou r mass screening p r o g r a m , 10 
entr ies were evaluated f o r the i r po ten t ia l 'o f f -
season' pe r fo rmance . G r o w t h o f n ine cowpea 
cu l t i va rs (Tab le 14) was comparab le w i t h the one 
ob ta ined d u r i n g the regular season. We there­
fo re conc luded tha t i r r i ga ted cowpea can be 
g r o w n d u r i n g the coo l d r y season. 
I n o rde r t o de te rmine a n o p t i m u m sow ing 
date f o r the c o o l season, three cowpea cu l t ivars 
were used in a da te -o f -sowing study. F o u r f o r t ­
n i gh t l y sowings began in late November . Y ie ld 
dec l ined w i t h la ter sow ing dates because o f 
excessive f l owe r d r o p b rough t about by r is ing 
tempera tures in Feb rua ry and M a r c h . These 
resul ts ind ica te tha t sow ing in N o v e m b e r was 
app rop r ia te . 
D r o u g h t and heat stresses are c o m m o n in the 
Sahel . M o s t loca l variet ies are o f l ong d u r a t i o n 
w i t h rep roduc t i ve per iods w h i c h co inc ide w i t h 
the end o f the ra iny season. The t i m i n g o f f l ower ­
i ng and g ra in f i l l i n g i n m a n y t r ad i t i ona l cu l t ivars 
coincides w i t h h igher temperatures and increased 
r isk o f mo is tu re stress. H i g h temperatures are 
repo r ted to delay o r i n h i b i t f l ower bud deve lop­
men t , to increase f l o r a l abscission, male s ter i l i ty , 
and e m b r y o abo r t i ons ; a l l these processes de­
crease seed-set and g ra i n y ie ld . A set of l ines was 
I n t e r c r o p p i n g L e g u m e s w i t h 
U p l a n d R i c e 
U p l a n d rice is a subsistence c rop of p o o r farmers. 
In a g loba l t o t a l o f 141 m i l l i o n ha sown to r ice, 
abou t 19 m i l l i o n ha, or near ly 12%, is sown to 
u p l a n d r ice. I ts d i s t r i b u t i o n is m a i n l y in As ia (11 
m i l l i o n ha) , A f r i c a ( 2 m i l l i o n ha) , and L a t i n 
A m e r i c a (6 m i l l i o n ha). A b o u t 7 5 % o f the rice 
area i n L a t i n A m e r i c a and 5 0 % in A f r i c a are 
under up land r ice. 
P r o d u c t i v i t y o f up l and r ice has rema ined l o w 
(abou t 0.6 t ha - 1 ) because of c l imat ic stresses of 
w h i c h ra in fa l l is the most var iab le and least p re­
d ic tab le . Recent ly developed up land rice c u l t i ­
vars m a t u r i n g in 75-100 days and y ie ld ing we l l 
( 2 - 4 t ha - 1 ) have increased the prospects f o r c rop 
d ive rs i f i ca t ion in up land sowings. C r o p d ivers i ­
f i c a t i o n , i n terms o f b o t h i n t e r c ropp ing and 
sequent ia l c r o p p i n g , can stabi l ize p roduc t i v i t y in 
such systems. The most i m p o r t a n t c r i t e r i on f o r 
i n t e r c ropp ing up land rice is to m a i n t a i n rice 
y ie ld wh i l e o b t a i n i n g add i t i ona l y ie ld f r o m g ra in 
legumes. 
We in i t i a ted t r ia ls on a Ver t i so l site a t I C R I -
S A T Center d u r i n g the 1988 ra iny season t o : 
1. develop better ag ronomic practices f o r in ter -
o r sequent ia l c ropp ing w i t h up land r ice; 
2 . evaluate the compara t i ve per fo rmance of 
d i f fe ren t r ice genotypes and g ra in legumes; 
and 
3. assess the most remunera t i ve and stable 
tested f o r the i r ab i l i t y to p roduce f lowers and 
pods under temperatures greater t h a n 3 5 ° C 
( M a r c h - A p r i l ) . 
S ign i f i cant di f ferences were f o u n d between 
cu l t i vars in the i r ab i l i t y to f l ower and produce 
pods and g ra in (Tab le 15). I n t roduced cu l t ivars 
IT84E I -108 , I T 8 2 D 716, and T V X 3236 were l ow 
y ie ld ing in b o t h years. The h ighest -y ie ld ing c u l ­
t ivars ( S U V I T A 2 , T N 88-63, and Te ra Loca l ) 
are loca l cu l t ivars whereas K V X 100-2, K V X 
183-1, and K V X 30-309-6G are der ived f r o m 
S U V I T A 2 . The Sahel ian cu l t ivars and the i r 
der ived l ines appear re la t ive ly to le ran t to h igh 
temperatures. 
c r o p p i n g systems under d i f fe ren t mo is tu re 
regimes. 
T w o var iet ies o f each c r o p , i.e., p igeonpea 
( I C P L 8 7 [ P r a g a t i ] and H y - 3 C ) , g r o u n d n u t 
( I C G V 87123 [ I C G S 11] and I C G [ F D R S ] 4) , 
and cowpea (Russ ian g ian t and EC - 6216) were 
i n t e r c r o p p e d w i t h u p l a n d r ice ( IET -7613 and 
7564). T w o s o w i n g dates were used—s imu l tane ­
ous sow ing o f r ice and legumes o r sow ing o f 
legumes a m o n t h after sow ing of r ice. De layed 
s o w i n g o f legumes was used to m a x i m i z e r ice 
y ie ld . 
T o t a l i n t e r c r o p p i n g y ie lds were greater t h a n 
those f o r sole c r o p p i n g ( F i g . 32). A m o n g in ter ­
c rops , p igeonpea and cowpea were m o r e c o m ­
pat ib le c o m p a n i o n crops w i t h u p l a n d r ice t h a n 
g r o u n d n u t . P igeonpea i n t e r c r o p p i n g resul ted i n 
a y ie ld advantage o f 5 9 - 1 0 0 % . B o t h p igeonpea 
cu l t i va rs were sui tab le f o r i n t e r c r o p p i n g because 
o f the i r ab i l i t y to w i t hs tand wet cond i t i ons . 
P igeonpea cu l t i va r I C P L 87 was able to avo id 
t e r m i n a l d r o u g h t by ear ly m a t u r i t y wh i l e la ter -
m a t u r i n g H Y - 3 C u t i l i zed res idual so i l mo is tu re 
bet ter . C o w p e a cu l t i va r EC-6216 was less c o m ­
pet i t i ve t h a n Russ ian g ian t because o f i ts u p r i g h t 
g r o w t h charac ter and ear ly m a t u r i t y . Russ ian 
g ian t smothered the r ice w i t h excessive vegeta­
t i ve g r o w t h . C o w p e a i n t e r c r o p p i n g resul ted in a 
17% r e d u c t i o n o f r ice y ie lds bu t had i tsel f an 
overa l l y ie ld advantage o f 24 -48 %. A l t h o u g h 
g r o u n d n u t had no adverse effect on r ice y ie lds , 
L E R values f o r th is c o m b i n a t i o n increased on l y 
to 1.24-1.26 due to p o o r g r o u n d n u t y ie lds. 
The i n t e r c r o p p i n g t r i a l was m o d i f i e d and 
repeated d u r i n g the 1989 ra i ny season. G r o u n d -
T a b l e 1 5 . Y i e l d ( t h a - 1 ) o f c o w p e a c u l t i v a r s g r o w n u n d e r h i g h t e m p e r a t u r e c o n d i t i o n s , I S C , S a d o r e , 
N i g e r , p o s t r a i n y s e a s o n 1 9 8 7 - 1 9 8 8 1 . 
C u l t i v a r s 
I T 8 4 E 1 - 1 0 8 
I T 8 2 D 716 
B99-2 -1 
T V X 3 2 3 6 
K V X 2 6 8 - K 0 3 - 3 
K V X 6 1 - 7 4 
K V X 183-1 
K V X 30 -309 -6G 
K V X 100-2 
T N 8 8 - 6 3 
T N 2 7 - 8 0 
S U V I T A 2 
T e r a L o c a l 
S E 
T r i a l m e a n 
C V (%) 
1987 
G r a i n 
0.22(12)2 
0 .18(13) 
0 .67(3) 
0 .52(9) 
0 .54(8) 
0 .39(11) 
0 .62(5) 
0 .64(4) 
0 .76(2) 
0 .55(7) 
0 .56(6) 
0 .52(9) 
0 .85(1) 
±0 .06 
0 .55 
22 
F o d d e r 
0 .62(13) 
0 .91(10) 
0 .90(12) 
1.59(5) 
1.02(8) 
1.74(4) 
1.02(8) 
2 .14(1) 
1.16(7) 
1.84(3) 
0 .91(10) 
1.98(2) 
1.59(5) 
±0 .12 
1.35 
18 
1988 
G r a i n 
0 .11(13) 
0 .50(10) 
0 .50(10) 
0 .33(12) 
0 .67(6) 
0 .60(8) 
0 .85(2) 
0 .54(9) 
0 .73(5) 
0 .88(1) 
0 .75(4) 
0 .80(3) 
0 .16(7) 
±0 .07 
0.61 
23 
F o d d e r 
0 .55(13) 
0 .70(11) 
1.45(2) 
0 .63(12) 
1.07(7) 
1.33(3) 
1.20(5) 
1.07(7) 
1.07(7) 
1.22(4) 
0 .90(10) 
1.08(6) 
1.78(1) 
±0 .14 
1.05 
26 
1 . R a n d o m i z e d c o m p l e t e b l o c k d e s i g n w i t h f o u r r e p l i c a t i o n s , p l o t s ize 1 5 c m 2 . 
2 . V a l u e s i n p a r e n t h e s e s a re r a n k s . 
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n u t was o m i t t e d because o f l o w L E R values and 
cowpea cv Russ ian g iant replaced w i t h G C - 2 , 
w h i c h had u p r i g h t g r o w t h , m i n i m u m b ranch ing , 
and ear ly m a t u r i t y . A l l crops were sown s i m u l ­
taneous ly w i t h r ice. I n a d d i t i o n , w o r k on r i ce / 
p igeonpea i n te r c ropp ing systems was expanded 
in response to favorab le results on biomass p r o ­
d u c t i o n and economic re turns in the 1988 s tud ­
ies. P igeonpea genotypes o f m e d i u m , ear ly , and 
ex t ra -ear ly m a t u r i t y were selected f o r to lerance 
to wa te r l ogg ing . Resul ts ind ica ted tha t ex t ra -
e a r l y - m a t u r i n g and ea r l y -ma tu r i ng p igeonpea 
genotypes are sui table f o r i n t e r c r o p p i n g w i t h 
r ice wh i le m e d i u m - m a t u r i n g genotypes are t o o 
compet i t i ve (Tab le 16). Ex t r a -ea r l y -ma tu r i ng 
p igeonpea genotypes were sensit ive to compe t i ­
t i o n f r o m rice and ma tu red t o o ear ly t o take f u l l 
advantage of res idual soi l mo is tu re after the r ice 
harvest. 
Results o f the p igeonpea/ rice systems f o r b o t h 
years c o n f i r m e d that h igh L E R and economic 
re turns were possible us ing ea r l y -ma tu r i ng p i -
F i g u r e 32. Rice (a) and legume (b) grain yields as influenced by sowing date and cropping system for rainy season 
sowings made at ICRISAT Center during 1989. 
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IET 7564 In tercrop w i th l e g u m e s IET 7613 In te rc rop w i t h l e g u m e s S o l e 
a 
5000 
4 0 0 0 
3 0 0 0 
2 0 0 0 
1000 
0 
C o w p e a G r o u n d n u t P i g e o n p e a 
1 st da te of s o w i n g 
C o w p e a G r o u n d n u t P i g e o n p e a 
2 n d da te o f s o w i n g 
R ice 
G 
S o l e In te rc rop w i th IET 7 5 6 4 In te rc rop w i th IET 7 6 1 3 
C o w p e a G r o u n d n u t P i g e o n p e a 
2 n d da t e o f s o w i n g 
C o w p e a G r o u n d n u t P i g e o n p e a 
1 st d a t e of s o w i n g 
-2000 
-1500 
-1000 
-500 
0 
trade-offs between species were evaluated by 
plott ing the yields of the two competing crops on 
a graph. The shape of the curve passing through 
the scatter of mean yield observations in Figure 
33 indicates the nature of the relationship be­
tween the crops: complementary if the curve is 
convex, or competitive if concave, and inde­
pendent if the estimated relationship is a straight 
line. A 'global index' of biological productivity 
(or Yield Advantage Index [YAI ] ) was defined 
as the ratio of the area under the curve to the area 
under the straight line jo in ing the sole crop 
yields. 
To estimate statistically the curve that fits best 
a scatter of points, it is necessary to assume that 
the curve takes a certain mathematical form. 
This form should be flexible enough to capture 
the range of crop enterprise interactions de­
scribed in Figure 33 but also compact enough to 
summarize the relationship with as few parame­
ters as possible. 
Several functional forms were tried. The one 
that best satisfied the flexibil i ty and compact­
ness conditions was the Constant Elasticity of 
Substitution/Constant Elasticity of Transfor-geonpea genotypes such as I C P L 87. M e d i u m -
d u r a t i o n p igeonpea genotypes were m o r e c o m -
pet i t i ve w i t h r ice in 1989 t h a n in 1988 largely 
because the ra i n fa l l d i s t r i b u t i o n in 1989 was 
m o r e favo rab le f o r p igeonpea g r o w t h . I n sharp 
con t ras t , a l o n g per iod of wa te r l ogg ing in 1988 
p r o m o t e d r ice g r o w t h wh i l e suppressing p igeon-
pea g r o w t h . O u r f i nd ings h i gh l i gh t the i m p o r -
tance o f r a i n fa l l q u a n t i t y and in tens i ty on the 
i n te rac t i on between i n te r c ropped p igeonpea and 
u p l a n d r i c e . 
E c o n o m i c E v a l u a t i o n s 
P r o d u c t i v i t y i n I n t e r c r o p p i n g 
S y s t e m s 
D r a w i n g o n the concept o f p r o d u c t i o n poss ib i l -
i t y curves, an ana ly t i ca l p rocedure was devel -
oped f o r eva lua t i ng t rade-o f fs i n b io log ica l p r o -
d u c t i v i t y i n i n t e r c r o p p i n g exper iments . Y ie ld 
Figure 33. Theoretical basis for interactions between 
two species in intercropping experiments. 
Yield crop 2 
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T a b l e 1 6 . C o m p a r i s o n o f g r a i n y i e l d s o f r i c e 
g r o w n a s a so le c r o p a n d a s a n i n t e r c r o p w i t h 
d i f f e r e n t p i g e o n p e a c u l t i v a r s , i n f l u e n c e d b y t h e i r 
d i f f e r e n t m a t u r i t i e s , I C R I S A T C e n t e r , r a i n y 
s e a s o n 1 9 8 9 . 
T r e a t m e n t s 
So le r ice ( I E T - 7 5 6 4 ) 
R i ce + p i g e o n p e a 
I C P L 83015 
I C P L 84023 
I C P L 8 7 ( P r a g a t i ) 
H Y - 3 C 
I C P L - 8 3 5 7 
I C P L - 8 4 0 7 1 
I C P L - 8 7 4 4 
S E 
C V ( % ) 
D u r a t i o n 
E x t r a ea r l y 
E x t r a ea r l y 
E a r l y 
M e d i u m 
M e d i u m 
M e d i u m 
M e d i u m 
G r a i n y i e l d 
( t ha - 1 ) 
4 .11 
3.36 
3.58 
3.69 
1.90 
1.09 
1.26 
1.32 
±0 .144 
9.8 
Positive interaction 
Independence 
Negative interaction 
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corresponds we l l w i t h p r i o r ag ronomic k n o w l ­
edge about the re la t ionsh ip between the crops. 
The s o r g h u m / pigeonpea i n te rc rop , f o r instance, 
i s k n o w n to d isp lay s t rong t e m p o r a l comp le ­
menta r i t y . F o r the agro fores t ry da ta set, the 
re la t ionsh ip i s ma rked by c o m p e t i t i o n . L e u -
caena roo ts were f o u n d near the so i l surface 
c o m p e t i n g w i t h the annua l crops f o r soi l mo i s ­
ture ( A n n u a l Repor t 1986). Pigeonpea was h igh ly 
susceptible to c o m p e t i t i o n f r o m leucaena. 
T u r n i n g to the economic i n te rp re ta t i on o f the 
three da ta sets, f o r a lmos t a l l pr ice ra t ios o f 
p igeonpea to so rghum, fa rmers w o u l d choose an 
in te rc rop over sole crops of ei ther species. The 
est imated curve is consistent w i t h the r ecom­
m e n d a t i o n to invest ag r i cu l tu ra l research and 
ex tens ion resources in the s o r g h u m / p i g e o n p e a 
i n te rc rop because of its super io r relat ive y ie ld 
pe r fo rmance . Such investment cou ld take the 
f o r m o f cu l t i va r screening i n i n t e r c r o p p i n g c o n ­
d i t i ons o r o f demons t ra t ions assigning p r i o r i t y 
to the so r ghum/p i geonpea in te rc rop vis-a-vis 
sole crops of so rghum or p igeonpea. 
On the basis o f b io log ica l p r o d u c t i v i t y , the 
case fo r the pear l m i l l e t / g r o u n d n u t i n te rc rop is 
m u c h weaker. The smal l i n t e r c ropp ing y ie ld 
advantage does no t appear to w a r r a n t f a v o r i n g 
pear l m i l l e t / g r o u n d n u t i n te rc rop over sole c r o p ­
p i n g a l ternat ives in decisions on research and 
ex tens ion resource a l l oca t ion . The choice of sole 
c r o p p i n g o r i n te rc ropp ing depends largely on 
the pr ice ra t i o o f g r o u n d n u t to pear l m i l le t . Pos i ­
t ive y ie ld in teract ions are no t large enough to 
offset the impor tance o f economic considera­
t ions in the choice o f c r o p p i n g systems. H i g h l y 
negat ive y ie ld in teract ions swamp economic 
cons iderat ions in each year of the agroforest ry 
t r i a l . F o r a l l o u t p u t prices, hedgerow i n te r c rop ­
p i n g w i t h leucaena is economica l l y i n fe r io r to 
p r o d u c i n g leucaena in sole stands. 
O n - s t a t i o n O p e r a t i o n a l - s c a l e 
T r i a l s 
Operat ional -sca le t r ia ls a t I S C f r o m 1986 to 
1988 evaluated comb ina t i ons o f i m p r o v e d v a r i ­
eties o f pear l m i l l e t and cowpea , the use o f AT 
m a t i o n ( C E S / C E T ) f u n c t i o n a l f o r m . The equa­
t i o n o f the C E S / C E T is: 
b = [aY 1 c + (1 -a ) Y 2 C ] (1/C) 
where Y 1 and Y 2 are y ie lds of the componen t 
c rops ; a, b, and c are parameters to be es t imated . 
F o r ease in c o m p u t a t i o n , the equa t i on was re­
w r i t t e n as 
b* + aY1 c + (1 -a ) Y2C = 1, where b* = l - b c . 
T h e parameters es t imated are b * , a, and c. 
W h e n c = 1, the equa t i on is tha t of a st ra ight l ine; 
i f c > 1 the curve is concave; i f c <1 the curve is 
convex. Thus one parameter, 'c , ' in the C E S / G E T 
f u n c t i o n a l f o r m d i rec t ly prov ides i n f o r m a t i o n 
on the na tu re o f species in terac t ions . The other 
t w o parameters pos i t i on the curve: increasing 'b ' 
pushes the curve f r o m the o r i g i n perpend icu la r 
to the 45° ax is , wh i le m o d i f y i n g 'a ' rotates the 
curve , leng then ing one axis and shor ten ing the 
o ther . 
D a t a were ob ta ined f r o m in te rc ropp ing exper­
iments a t I C R I S A T Center , I nd ia . The exper i ­
ments were selected to de termine h o w wel l the 
C E S / C E T f u n c t i o n a l f o r m s tood up t o the range 
o f exper ience o f po ten t ia l i n te rc ropp ing interac­
t ions conveyed in F igure 33. 
The est imated coeff ic ients are presented in 
Tab le 17. F o r the three da ta sets, the f i t is satis­
f a c t o r y , and the est imated shape of the curve 
T a b l e 1 7 . E s t i m a t e d p a r a m e t e r s o f t h e C E S / 
C E T f u n c t i o n a n d the Y i e l d A d v a n t a g e I n d e x 
( Y A I ) . 
S y s t e m 
S o r g h u m / p i g e o n p e a 
1978 -1981 
P e a r l m i l l e t / g r o u n d -
n u t 1980 -82 
L e u c a e n a / s o r g h u m / 
p i g e o n p e a 1986-87 
E s t i m a t e d pa rame te rs 
b * 
- 0 . 1 5 
- 0 . 1 9 
- 0 . 2 4 
a 
0.59 
0.52 
0.41 
c Y A I 
3.28 1.79 
1.18 1.16 
0.76 0.73 
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f o r r i d g i n g and weed ing , and an i m p r o v e d tech­
no logy package cons is t ing o f new var iet ies, 
h igher s o w i n g densi t ies, r o ta t i ons , in te rc rops , 
and 13 kg ha - 1 o f phosphorus ( I C R I S A T A n n u a l 
R e p o r t 1988, pp . 195-197). 
A c o m p a r a t i v e economic analysis of da ta 
f r o m 13 t rea tments showed tha t m a n u a l cu l t i va ­
t i o n o f a pear l m i l l e t / c o w p e a r o t a t i o n o r in te r ­
c r o p plus the i m p r o v e d package may be the best 
c o m b i n a t i o n to r ecommend to fa rmers . Th i s i s 
pa r t i cu l a r l y app rop r ia te f o r fa rmers w h o have 
l i t t l e exper ience w i t h A T , w h o canno t a f f o r d the 
expense, or w h o cu l t i va te less t h a n 4.5 ha. 
I nc remen ta l va lue- to-cost ra t ios were greater 
t h a n 4 f o r e i ther m a n u a l l y cu l t i va ted pear l 
m i l l e t - cowpea r o t a t i o n o r i n t e r c rop , wh i l e the 
same ra t ios were scarcely greater t h a n 2 f o r any 
o f the o ther t rea tments . The pear l m i l l e t - cowpea 
r o t a t i o n o r i n t e r c rop also p roduced re turns to 
l a n d , l a b o r , and cap i ta l t ha t were super io r t o 
re tu rns to s im i la r fac tors o f p r o d u c t i o n used in 
the o ther t reatments . 
T h e choice between a pear l m i l l e t / c o w p e a 
r o t a t i o n o r i n t e r c r o p depends on the ava i l ab i l i t y 
o f househo ld l abo r and on the t rue o p p o r t u n i t y 
costs o f f a r m househo ld resources. F o r pear l 
m i l l e t to o b t a i n the m a x i m u m benef i t f r o m the N 
f i xed by a preced ing cowpea c r o p , carefu l r o t a ­
t i o n of sow ing sites may be necessary. M o r e o v e r , 
in v iew o f the need to manage sow ing dates and 
densit ies so tha t nei ther c rop in the i n te rc rop is 
d i sadvan taged , pear l m i l l e t - cowpea r o t a t i o n 
seems to be m o r e a t t rac t ive to fa rmers . In such 
r o t a t i o n s , the f a rme r can a l locate po r t i ons o f his 
l and to cowpea and pear l mi l le t each year, c o n ­
f o r m i n g w i t h his househo ld 's goals f o r f o o d 
secur i ty and income. 
Tab l e 18 shows tha t the benef ic ia l effects of 
c r o p r o t a t i o n were larger t han those by us ing AT 
f o r r i d g i n g and weed ing. W i t h the inc lus ion o f a 
cowpea r o t a t i o n instead o f sole con t i nuous pear l 
m i l l e t under i m p r o v e d cond i t i ons , re turns f r o m 
al l fac tors o f p r o d u c t i o n increased substant ia l ly . 
The inc lus ion of a cereal/ legume in te rc rop great ly 
enhances benef i ts der ived f r o m the use of new 
var ie t ies, phospho rus fe r t i l i ze r , and h i gh p o p u ­
la t ions . Re tu rns f r o m the use o f a n i m a l t r a c t i o n 
f o r 2 ha were less t h a n re tu rns f r o m m a n u a l 
P i g e o n p e a P r o d u c t i o n i n 
N o r t h e a s t T h a i l a n d 
I n c o l l a b o r a t i o n w i t h the M i n i s t r y o f A g r i c u l ­
tu re i n T h a i l a n d and the A u s t r a l i a n Cent re f o r 
I n t e r n a t i o n a l A g r i c u l t u r a l Research ( A C I A R ) , 
we assessed the economic feas ib i l i ty of p igeon-
pea p r o d u c t i o n i n nor theast T h a i l a n d . C o l l a b ­
ora t ive research by T h a i ins t i tu t ions and A C I A R 
conduc ted ear l ier ind ica ted tha t , a l t hough p i ­
geonpea is no t g r o w n as a f ie ld c r o p in T h a i l a n d , 
i t i s we l l sui ted to the e n v i r o n m e n t in the n o r t h -
east. F u r t h e r , p igeonpea c o u l d , w i t h i n l im i t s , 
replace i m p o r t e d soybean (Glycine max [ L . ] 
M e r r . ) mea l i n b ro i l e r diets. We approached the 
assessment as an a t temp t to i den t i f y e c o n o m i ­
ca l ly v iab le p r o d u c t i o n and u t i l i za t i on o f niches 
and to ind ica te w h i c h niches m a y be amenable to 
expans ion t h r o u g h research. 
F r o m maps o f land use po ten t i a l and ra in fa l l 
p r o b a b i l i t y prof i les f r o m meteoro log ica l stat ions 
i n the nor theast , we ident i f ied K h o n K a e n and 
C h a y a p h u m prov inces as target areas f o r a sur­
vey o f 58 fa rms . In a d d i t i o n , the researcher-
managed , o n - f a r m p igeonpea p r o d u c t i o n t r ia ls 
were conduc ted on six f a rms , t w o each f r o m the 
K h o n K a e n , U b o n R a t c h a t h a n i , and R a y o n g 
p rov inces . Records f r o m the survey and the p r o ­
d u c t i o n t r ia ls enabled us to cons t ruc t a synthet ic 
p igeonpea budget and an assessment of the 
p r o f i t a b i l i t y o f p igeonpea p r o d u c t i o n w h e n th is 
c rop has to compete f o r l and w i t h crops a l ready 
g r o w n in the area. 
The m a i n conc lus ions f r o m the s tudy are as 
fo l l ows : 
• The re are no obv ious techn ica l , i n s t i t u t i o n a l , 
o r a g r o n o m i c const ra in ts to prevent fa rmers 
i n the nor theast T h a i l a n d f r o m g r o w i n g p i ­
geonpea. Howeve r , p igeonpea is un l i ke l y to 
c u l t i v a t i o n . Howeve r , i m p r o v e d re turns f r o m 
l and and househo ld l abo r were achieved w h e n 
AT was used f o r 4.5 ha. T h e analysis there fore 
showed tha t economies o f size in the use o f AT 
were necessary f o r th is t echno logy to be re la ­
t i ve l y p r o f i t a b l e c o m p a r e d to the use o f m a n u a l 
c u l t i v a t i o n . 
be adop ted i f a d o p t i o n d imin ishes the p r o ­
d u c t i o n o f r ice f o r home consump t i on . 
• P igeonpea p r o d u c t i o n is un l i ke l y to be p r o f i t ­
able w h e n its y ie ld levels are a round 11 ha -1 or 
less and when its value as bro i le r feed is 3 Baht 
k g - 1 o r less. 
• Ef fect ive and cheap insect pest management 
w i l l be decisive f o r the p r o f i t a b i l i t y o f p igeon-
pea p r o d u c t i o n . 
• K e n a f (Hib iscus cannabinus L.) is the weakest 
c o m p e t i t o r f o r p igeonpea in the nor theast , 
bu t cassava ( M a n i h o t esculenta Crantz) cou ld 
compete w i t h p igeonpea on l y i f cassava prices 
co l lapsed. 
• C u r r e n t e f fo r ts to increase soybean p r o d u c -
T i m e P r e f e r e n c e 
Trade-o f fs between consumpt ion today and c o n ­
s u m p t i o n t o m o r r o w reflect the rate at w h i c h a 
f a rmer prefers the present or d iscounts the 
fu tu re . A f a rmer w i t h a h igh posi t ive rate-of -
t ime preference is ' impa t i en t ' and prefers con -
s u m p t i o n in the present to an equiva lent level o f 
c o n s u m p t i o n in the f u tu re . Such a fa rmer is n o t 
t i o n in T h a i l a n d w i l l reduce pigeonpea's at -
tract iveness as a subst i tute f o r soybean in 
b ro i l e r d iets, and an increase in i ts va lue 
above 3 Baht k g - 1 is un l i ke ly . 
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T a b l e 1 8 . P e r c e n t a g e c h a n g e s i n r e t u r n s d u e t o speci f ic i m p r o v e d p r a c t i c e ( s ) a n d o p e r a t i o n a l - s c a l e 
r e s e a r c h ( O P S C A R ) t r i a l s a t S a d o r e , N i g e r , 1 9 8 6 - 1 9 8 8 . 
Ef fec t o f : 
R o t a t i o n 4 
M a n u a l 
T r a c t i o n 
A n i m a l t r a c t i o n 5 
( P M / C , C , P M / C ) 
I m p r o v e d i n p u t s 6 
( m a n u a l ) 
R o t a t i o n p lus 
C o m p a r i s o n s 
P M , C , P M vs P M , P M , P M 
P M , C , P M vs P M , P M , P M 
T r a c t i o n v s m a n u a l 
I m p r o v e d vs t r a d i t i o n a l 7 
( P M / C , P M / C , P M / C ) 
I m p r o v e d v s t r a d i t i o n a l 7 
( P M , P M , P M ) 
P M / C , P M , P M / C 
L a n d 
area 
(ha) 
2.0 
2.0 
4 .5 
2.0 
4.5 
2.0 
2.0 
2.0 
I nc remen ts i n increased re tu rns 1 
L a n d 
C R 2 
130 
4 6 
- 1 4 
53 
489 
129 
426 
P M C R 3 
80 
39 
18 
- 1 1 
37 
320 
66 
198 
L a b o r 
C R 
24 
33 
- 3 
- 3 
25 
62 
30 
61 
P M C R 
17 
- 5 
- 1 6 
-1 
- 1 7 
66 
43 
67 
C a p i t a l 
C R 
55 
10 
12 
- 5 0 
- 1 7 
94 
25 
94 
P M C R 
37 
7 
4 
- 5 5 
- 2 4 
62 
15 
58 
1 . L a b o r o p p o r t u n i t y c o s t ; 6 5 C F A h - 1 
2 . C R = C r o p v a l u e s i n c l u d i n g c o w p e a h a y . 
3 . P M C R = C r o p v a l u e s i n c l u d i n g c o w p e a a n d p e a r l m i l l e t r e s i d u e s . 
4 . R o t a t i o n : P M = p e a r l m i l l e t , C = c o w p e a . 
5 . A n i m a l t r a c t i o n i s used f o r r i d g i n g a n d w e e d i n g . 
6 . I m p r o v e d i n p u t s : i m p r o v e d v a r i e t i e s , p h o s p h o r u s a p p l i c a t i o n s , i n c r e a s e d p l a n t d e n s i t i e s . 
7 . T r a d i t i o n a l i n p u t s : t r a d i t i o n a l v a r i e t i e s , n o f e r t i l i z e r , l o w p l a n t d e n s i t i e s . 
236 Resource Management 
l i ke l y to save or invest s ign i f i can t ly unless the 
re tu rns he expects f r o m his inves tment are large 
e n o u g h to ou twe igh his preference f o r cu r ren t 
c o n s u m p t i o n . I n f o r m a t i o n abou t the rate o f 
t i m e preference can there fore be usefu l in unde r ­
s tand ing investment and cred i t m a r k e t behav ior . 
M o r e o v e r , the prospects f o r a d o p t i o n o f new 
ag r i cu l t u ra l technologies and the i r s t ruc tu ra l 
impac ts are pa r t i a l l y de te rm ined by the w a y 
fa rmers behave w i t h respect to t ime . 
T h r o u g h expe r imen ta l games and h y p o t h e t i ­
cal quest ions, we e l ic i ted i n f o r m a t i o n on d is ­
c o u n t rates f r o m heads o f r u r a l househo lds i n 
S A T I n d i a . Pa r t i c i pa t i ng i n the s tudy were 
househo lds i n t w o I C R I S A T s tudy v i l lages, 
A u r e p a l l e and D o k u r , i n the M a h b o o b n a g a r 
d i s t r i c t o f A n d h r a Pradesh. Fo r t y -e i gh t respon­
dents were selected f r o m each v i l l age . S i x exper­
imen ta l games and f ive hypo the t i ca l quest ions 
were used to est imate pa r t i c i pan t s ' ra te -o f - t ime 
preference under va r ious c o n t r o l cond i t i ons . 
T h e c o n t r o l var iab les were: (a) size and t i m e ­
f r a m e o f game (3 c o m b i n a t i o n s ) ; (b) o rde r o f 
games (3) ; and (c) reference po in t (2). 
A l t h o u g h the mean levels o f est imated d is ­
c o u n t rates were n o t s ign i f i can t l y d i f fe ren t be­
tween the expe r imen ta l game and hypo the t i ca l 
ques t ion me thods , the pat terns and behav io r o f 
responses were f u n d a m e n t a l l y d i f fe ren t f o r the 
t w o me thods . V i l l age c red i t m a r k e t cond i t i ons 
served as reference or ancho r i ng po in ts f o r 
responses to the hypo the t i ca l quest ions. In c o n ­
t rast , respondents were m o r e del iberate in choos­
i n g rewards i n the expe r imen ta l games. T h e i r 
choices seemed to ref lect a ' pu re r ' c o n s u m p t i o n 
ra te -o f - t ime preference w h i c h appeared to be 
in f luenced by the i r assessment o f cu r ren t ab i l i t y 
t o meet c o n s u m p t i o n requ i rements re la t ive t o 
f u t u r e ab i l i t y . Because of these di f ferences, the 
responses to the expe r imen ta l games showed 
cons iderab ly m o r e v a r i a t i o n across households 
t h a n d i d the answers to compa rab le hypo the t i ca l 
quest ions. 
B o t h methods o f measurement gave one clear 
and s im i la r resul t : the est imated d iscount rates 
were h i g h . T h e mean a n n u a l d i scoun t rates f o r 
the f i ve h y p o t h e t i c a l quest ions ranged f r o m 0.33 
to 0.55. In each expe r imen ta l game, the est i ­
ma ted d iscoun t rate exceeded 0.40 f o r t w o - t h i r d s 
o f the pa r t i c i pan ts . I n genera l , the est imated d is ­
c o u n t rates were cons iderab ly h igher t h a n sub­
sidized annua l interest rates of 9 -11 % f o r i n s t i t u ­
t i ona l credi t o r even 2 - 3 % per m o n t h f o r m e d i u m -
t e r m loans o f fered to g o o d cl ients in the v i l lage 
i n f o r m a l c red i t ma rke t . G i v e n a mean per capu t 
i n c o m e o f a b o u t US $ 200, h i g h rates o f d i scoun t 
were an t i c i pa ted . A m e a n d i scoun t rate of 0.45 
s t i f f l y penal izes technologies tha t generate ben ­
ef i ts i n the f u t u r e re la t ive to the present. F o r 
examp le , a d iscoun t fac to r of 0.45 impl ies tha t 
benef i ts received 4 years f r o m n o w are o n l y 
w o r t h abou t 3 0 % o f benef i ts received now . 
W i t h e c o n o m i c g r o w t h and d e v e l o p m e n t , 
economic theo ry suggests tha t the s t rong prefer­
ence f o r the present w i l l secular ly decl ine. P r e l i m ­
ina ry emp i r i ca l evidence on the effect o f wea l t h 
on d i scoun t rate also suppor ts th is p r e d i c t i o n . 
W e a l t h was inversely and s ign i f i can t l y re lated to 
the d i scoun t rate in several o f the exper imen ta l 
games and hypo the t i ca l quest ions. A p r o p o r ­
t i o n a l 10% rise in net wea l th was accompan ied 
by a 3 - 7 % f a l l i n the d i scoun t rate. W i t h o u t 
economic g r o w t h and deve lopment , e n v i r o n ­
m e n t a l concerns a b o u t the f u t u r e w i l l con t i nue 
to be d i v o r c e d f r o m the rea l i t y o f h i g h rates o f 
pos i t i ve t i m e preference s h o w n by dec i s ion ­
makers at present. 
W e c o n t i n u e d o u r c o l l a b o r a t i o n w i t h C R l D A a t 
the H a y a t n a g a r F a r m to de te rm ine the mecha-
nisms responsib le f o r the apparent absence of 
c o m p e t i t i o n between t w o N - f i x i n g trees, Faid-
herbia albida (ear l ier Acacia albida) and Albi-
zia lebbek, and d r y l and crops ( I C R I S A T A n n u a l 
R e p o r t 1988, p. 188). B o t h species are dec iduous 
bu t A. lebbek sheds its leaves d u r i n g the d r y 
season and F. albida sheds i ts leaves d u r i n g the 
onset o f the r a i ny season. A t l o w densi t ies, 
A. Jebbek was repor ted to have increased the 
C o l l a b o r a t i v e W o r k 
C R I D A - A g r o f o r e s t r y 
t h a n F. albida b u t y ie ld of unders to ry crops was 
great ly reduced by A. lebbek in 1988. Leucaena 
was even more compet i t i ve t h a n A. lebbek, 
resu l t ing i n comple te fa i lu re o f castor c rop in 
b o t h years. 
The general t rend in canopy cover as mea­
sured by f isheye techn ique, showed that d u r i n g 
the d r y season f r o m Oc tober 1988 t h r o u g h J u l y 
1989, A. lebbek had a m u c h more extensive 
canopy t han F. albida even when leaf shedding 
was greatest in A. lebbek in A p r i l 1989 and 
before the onset o f ra in in m id - June 1989 ( F i g . 
36). F. albida commenced r a p i d canopy deve l ­
o p m e n t i n m i d - A u g u s t when the so rghum was 
50-days-o ld and when A. lebbek had reached 
3 0 % canopy cover. 
The t rend in t ransp i ra t i on of F. albida is c o n ­
sistent w i t h the canopy measurement w h i c h 
showed a rap id increase f r o m m i d - A u g u s t to 
ear ly Oc tober a t the t ime when t ransp i ra t i on o f 
A. lebbek was steadi ly dec l in ing ( F i g . 37). These 
results i m p l y tha t the late canopy deve lopment 
of F. albida a l lows the roo ts of s o r g h u m to 
Figure 35. Diameter at breast height and age of four 
tree species grown at the Central Research Institute 
for Dryland Agriculture (CRIDA), Hyderabad, India. 
y ie ld of Panicum maximum and spear grass in 
n o r t h e r n Aus t ra l i a . 
Th i s s tudy is par t of a w ider e f fo r t by b o t h 
C R I D A and I C R I S A T scientists t o investigate 
the l o n g - t e r m consequences o f f o u r N - f i x i ng 
trees on so i l p roper t ies . T h e o ther species— 
Leucaena leucocephala and Prosopis cineraria 
have n o t been inc luded because leucaena is t oo 
compe t i t i ve and P. cineraria t o o s low g row ing . 
Trees were p lan ted at 4 x 4 - m spacings in June 
1985 on a sha l low grave l ly A l f i s o l as described 
p rev ious l y ( I C R I S A T A n n u a l R e p o r t 1988, p . 
188). Measurements inc luded g r o w t h , t ransp i ra ­
t i o n , and canopy deve lopment o f the trees, and 
the y ie ld o f unders to ry s o r g h u m and castor. 
F igures 34 and 35 i l lus t ra te the g r o w t h in 
he ight and d iameter of a l l f o u r tree species and 
show tha t leucaena was c lear ly the fastest-
g r o w i n g species, reach ing a height of 7.8 m f o l ­
l o w e d by A. lebbek and F. albida at 3.5-4.0 m 
and last ly by P. cineraria at 1.5 m. A f t e r the 
second year, A. lebbek had a larger d iameter 
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Figure 34. Mean plant height (m) and age of four tree 
species grown at the Central Research Institute for 
Dryland Agriculture (CRIDA), Hyderabad, India. 
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P.cineraria 
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0 
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exp lo re the mo i s t u re in the uppe r so i l p ro f i l e so 
t ha t the roo ts of F. albida had to ex t rac t deeper 
mo i s t u re . I n m a r k e d con t ras t , the ear ly and 
greater canopy deve lopment of A. lebbek was 
associated w i t h a 4 0 % r e d u c t i o n in the g ra in 
y ie ld o f s o r g h u m and a 4 5 % r e d u c t i o n in castor 
in 1988 (Tab le 19). I t is d o u b t f u l whe ther the 
present p o p u l a t i o n of A. lebbek w i l l be su i tab le 
f o r unde rs to ry c rops in the f u t u r e unless i t is 
p runed f u r t he r d u r i n g the ear ly pa r t o f the g r o w ­
ing season. 
T a b l e 1 9 . G r a i n y i e l d ( k g h a - 1 ) o f c r o p s g r o w n 
u n d e r N - f i x i n g t rees a t t h e H a y a t n a g a r f a r m i n 
1 9 8 7 a n d 1 9 8 8 . 
C r o p s 
Faidherbia albida 
Albizia lebbek 
Prosopis cineraria 
Leucaena leuco-
cephala 
So le c rops 
G r a i n m e a n 
S E 
R a i n f a l l ( m m ) 
( J u l - N o v ) 
1987 
S o r -
g h u m 
587 
467 
520 
73 
577 
445 
±32 
C a s t o r 
635 
507 
534 
0 
576 
450 
±20 
320 
1988 
S o r -
g h u m 
1730 
1020 
1710 
780 
1720 
1392 
±106 
C a s t o r 
525 
294 
539 
0 
542 
380 
±28 
470 
O p e r a t i o n a l - s c a l e R e s e a r c h 
a t B i r n i N ' K o n n i ( N i g e r ) 
w i t h I N R A N 
In 1987, the I ns t i t u t n a t i o n a l de recherches 
ag ronomiques d u N iger ( I N R A N ) and I C R I -
Figure 37. Transpiration (L d-1 tree-1) for two tree 
species between August and December 1988 at the 
Central Research Institute for Dryland Agriculture 
(CRIDA), Hyderabad, India. 
Figure 36. Canopy light interception of total incoming 
radiation for two tree species between October 1988 
and 1989 at the Central Research Institute for Dry-
land Agriculture (CRIDA), Hyderabad, India. 
M o n t h a n d year 
1989 1968 
Oc t D e c F e b A p r Jun A u g O c t 
50 
4 0 
30 
2 0 
10 
0 
A. lebbek 
F. aIbida 
M o n t h i n 1988 
A u g S e p t O c t N o v D e c 
0 
10 
2 0 
F.albida 
A. lebbek 
A B 
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S A T began co l l abo ra t i ng o n a n opera t iona l -
scale exper iment at the I N R A N substat ion located 
a t B i r n i N ' K o n n i , 340 km east o f N i a m e y , Niger. 
Soi ls in th is area are character ized by a s l ight ly 
h igher c lay content than the sandy soils at ISC , 
Sadore. F o r th is exper imen t , I N R A N and l C R I -
S A T iden t i f i ed componen ts o f research that had 
consis tent ly shown p rom is i ng results. 
We compared comb ina t i ons o f innovat ive 
technolog ies i n c l u d i n g app l i ca t i on o f P-fert i l izer 
(13 kg ha - 1 ) , i m p r o v e d var iet ies o f pear l mi l le t 
( C 1 V T ) and cowpea ( T N 5-78) in pure c rop sys­
tems, r o t a t i o n o f pure crops, and A T f o r presow-
i ng r i d g i n g and weeding. Each componen t was 
expected to con t r i bu te s ign i f i can t ly to increased 
p r o d u c t i v i t y , m a k i n g a d o p t i o n ra ther more f lex­
ib le t h a n in the case of a comple te package. 
These componen ts were comb ined in seven 
t rea tments (Tab le 20). We used a fac to r ia l exper­
imen ta l design w i t h f o u r rep l ica t ions , and a p lo t 
size of 500 m 2 . The exper iment was conducted 
d u r i n g the 1987, 1988, and 1989 ra iny seasons. 
D u r i n g the f i rs t year, we exper ienced a 5-week 
delay in the onset o f ra ins. In add i t i on , t o t a l 
r a i n f a l l was on l y 248 m m , p u t t i n g the systems 
unde r severe d r o u g h t stress. The other years had 
n o r m a l onsets o f the ra iny season w i t h wel l d is ­
t r i b u t e d t o t a l ra in fa l l s o f 534 mm in 1988 and 
448 m m i n 1989. 
T h e pos i t i ve effect o f modest doses o f P-
fe r t i l i ze r on c rop yields was s igni f icant in a l l 
years p a r t i c u l a r l y in 1987 w h i c h was a h igh ly 
ra in fa l l -de f i c ien t year. In the same year, presow-
i n g r i d g i n g increased average pear l m i l l e t g ra in 
y ie ld by 0.16 t ha - 1 and stover by 1.55 t ha - 1 . The 
o ther i m p r o v e d componen t , tha t is, c rop ro ta -
t i o n , cou ld be analyzed on l y f r o m 1988 onwards . 
T h e r o t a t i o n o f pear l m i l l e t w i t h cowpea has 
h a d a cons is tent ly pos i t ive effect on pear l m i l l e t 
y ie lds d u r i n g the t w o years analyzed. Pear l mi l le t 
g r a i n y ie ld was less in 1989 than in 1988 and 
there was no year by t rea tment in te rac t ion f o r 
pear l m i l l e t g ra in o r stover. R o t a t i o n a lmost 
d o u b l e d pear l m i l l e t g ra in y ie ld f r o m 0.97 t h a - 1 
to 1.73 t ha -1 (SE ± 0.04) and stover y ie ld f r o m 
1.56 t h a - 1 t o 2.81 t ha-1 (SE ± 0.07) (F i g . 38). 
G r a i n y ie lds o f the i m p r o v e d pure cowpea 
systems (af ter t w o sprayings to c o n t r o l insects) 
T a b l e 2 0 . T r e a t m e n t c o m b i n a t i o n s u n d e r eval--
u a t i o n i n o p e r a t i o n a l - s c a l e research ( O P S C A R ) 
d u r i n g 1 9 8 7 , 1 9 8 8 , a n d 1 9 8 9 i n I N R A N / I C R l -
S A T , B i r n i N ' K o n n i , N i g e r . 
T r e a t m e n t s 
T r a d i t i o n a l 2 
I m p r o v e d 3 , r i d g i n g 4 
I m p r o v e d , r i d g i n g 
I m p r o v e d , r i d g i n g 
I m p r o v e d , r i d g i n g 
I m p r o v e d , m a n u a l 5 
I m p r o v e d , m a n u a l 
C r o p p i n g sys tem 1 
W i t h P M / C , P M / C , P M / C 
W i t h P M , P M , P M 
W i t h C , P M , C 
W i t h C , P M , C 
W i t h P M , C , P M 
W i t h C , P M , C 
W i t h P M , C , P M 
1 . PM = p e a r l m i l l e t ( so le ) a t 1.5 x 0 .75 m s p a c i n g . 
C = c o w p e a ( so l e ) at 0 .75 x 0 . 3 6 m s p a c i n g . 
P M / C = p e a r l m i l l e t / c o w p e a i n t e r c r o p ; t r a d i t i o n a l v a r i -
e t i es w i t h PM at 1.5 x 1.5 m a n d C at 1.5 x 3 m 
h i l l s p a c i n g s . 
2 . T w o m a n u a l w e e d i n g s , n o c h e m i c a l o r f e r t i l i z e r i n p u t s . 
3 . P - f e r t i l i z e r a t 1 3 k g h a - 1 , i n s e c t i c i d e o n c o w p e a , p a r a l l e l 
r o w s w i t h p e a r l m i l l e t a n d c o w p e a , a n d c o w p e a t h i n n i n g . 
4 . P r e s o w i n g r i d g i n g w i t h o u t p r i m a r y t i l l a g e , a n i m a l p o w e r 
p e r r i d g i n g w i t h o u t p r i m a r y t i l l a g e , a n i m a l p o w e r p e r 
r i d g i n g a n d w e e d i n g w i t h m a n u a l i n t r a r o w w e e d i n g . 
5 . N o p r e p a r a t o r y t i l l a g e , a l l w e e d i n g b y h a n d . 
p roved very stable, d i d no t d i f fe r because o f 
r o t a t i o n or r i d g i n g , and were on average 1.34 t 
ha - 1 in 1988 and 1989. However , r idg ing increased 
hay yie lds s ign i f i can t ly on average by 0.68 t ha - 1 . 
In the d r y year o f 1987, r i dg ing boosted hay 
yields by 0.34 t ha - 1 . 
I n the f i rs t year when procedures f o r l abo r 
t ime measurements were being s tandard ized, 
l abo r t imes o f some operat ions were m u c h 
h igher and more var iab le t han those measured in 
the f o l l o w i n g years. Therefore labor t ime mea­
surements were presented f o r 1988 and 1989 on l y 
(Tab le 21). 
A n i m a l t r a c t i o n reduced the overa l l t ime 
spent on weed ing by 17 m a n - h o u r ha - 1 f o r 
i m p r o v e d pear l m i l le t and 19 m a n - h o u r ha - 1 f o r 
i m p r o v e d cowpea. The t ime saved is modest , bu t 
i t is accrued at a c r i t i ca l t ime whereby a rduous 
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h a n d weed ing is avo ided . I t i s apparen t t ha t the 
g r a i n harvest of the i m p r o v e d pure cowpeas is a 
t r emendous bo t t leneck o f l abo r . I n 1988 and 
1989, w h e n cowpea g ra i n y ie lds were m o r e t h a n 
doub le o f those in the d r y year o f 1987, the t i m e 
needed f o r h a n d p i c k i n g the cowpea pods , w h i c h 
was a l ready cons iderab le , was also d o u b l e d . 
Fa rmers w h o v is i ted the site were impressed by 
the t i l l age and weed ing us ing A T , and by the use 
o f i m p r o v e d var iet ies. 
Resul ts ob ta ined so fa r are p r o m i s i n g . T h e 
effects o f phosphorus and the legume-cereal 
r o t a t i o n are very clear. L a b o r re turns in o u t p u t 
h - 1 o f w o r k are cons iderab ly h igher f o r i m p r o v e d 
pear l mi l le t -based p r o d u c t i o n systems, because 
less l abo r t ime is needed to p roduce h igher 
y ie lds. O m i t t i n g r i d g i n g w o u l d save a d d i t i o n a l 
10 m a n - h o u r s h a - 1 , b u t w o u l d det ract t ime f r o m 
weed c o n t r o l . On the o ther h a n d , r i dg ing resulted 
in increases o f stover o r hay p r o d u c t i o n . A n o t h e r 
untested o p t i o n o f an ima l -powered mechan iza­
t i o n such as sow ing does no t seem re levant to the 
w ide ly spaced pocke t -sown pear l m i l le t . I t m i g h t , 
however , save t i m e in the case of the m o r e dense­
l y s o w n cowpea . We bel ieve tha t AT shou ld be 
used to in tens i fy c rop p r o d u c t i o n , c o m b i n e d 
w i t h the use of P and h igher sow ing densit ies. I f 
n o t , i t w i l l resul t i n increas ing the l and under 
c u l t i v a t i o n bu t w i l l no t c o n t r i b u t e t o the susta in-
ab i l i t y o f the p r o d u c t i o n systems. 
Figure 38. Impact of crop rotation and animal traction on grain and stover yield, Birni N'Konni, Niger, average of 
the 1988 and 1989 rainy seasons. 
M a n u a l 
R i d g i n g 
1.5 
1.0 
0.5 
0 
1.6 
1.2 
0.8 
0.4 
0 
Trad i t iona l N o r o t a t i o n Ro ta t i on 
I m p r o v e d I m p r o v e d 
T rad i t i ona l N o ro ta t i on R o t a t i o n 
3.0 
2 .0 
1.0 
0 
3.0 
2 .5 
2 .0 
1.5 
1.0 
0.5 
0 
T a b l e 2 1 . L a b o r t i m e r e q u i r e m e n t s ( m a n - h o u r s h a - 1 ) o f f i e l d o p e r a t i o n s f o r f i v e m i l l e t - b a s e d c r o p p i n g 
s y s t e m s . I N R A N / I C R I S A T c o l l a b o r a t i v e o p e r a t i o n a l - s c a l e r e s e a r c h ( O P S C A R ) e x p e r i m e n t , I N R A N 
R e s e a r c h S t a t i o n , B i r n i N ' K o n n i , a v e r a g e s o f r a i n y seasons o f 1 9 8 8 a n d 1 9 8 9 . 
T r e a t m e n t 
T r a d i t i o n a l 
I m p r o v e d 
P e a r l m i l l e t , m a n u a l 
P e a r l m i l l e t , r i d g i n g 
C o w p e a , m a n u a l 
C o w p e a , r i d g i n g 
S E 
C V (%) 
F e r t i -
l i ze r 
3.5 
3.1 
3.7 
3.8 
±0.33 
26 
R i d g -
i n g 2 
10.5 
10.4 
±0.29 
8 
S o w -
i n g 
11.2 
14.4 
15.0 
31.4 
28.7 
±0.87 
12 
T h i n -
n i n g 
26.1 
25.9 
11.9 
14.5 
±0.89 
17 
1st 2 n d 
w e e d - weed-
i n g 3 i n g 3 
57.2 28.4 
41.0 26.0 
26.0 23.8 
37.0 36.2 
26.8 27.4 
±1.40 ±1.06 
12 11 
S p r a y -
i n g 
c o w p e a 4 G r a i n 
51.6 
42.1 
39.6 
4.8 354 
4.7 355 
±0.17 ±12.5 5 
±2 .48 6 
7 105 
186 
H a r v e s t 1 
D r y 
m a t t e r 
51.9 
18.0 
19.2 
44.6 
45.9 
±2.69 
22 
T o t a l 
m a n -
h o u r s 
200 
173 
162 
524 
518 
±11.49 
10 
1 . C o w p e a b e a n s p i c k e d a n d b a g g e d , p e a r l m i l l e t h e a d s c u t a n d b u n d l e d , p e a r l m i l l e t a n d c o w p e a s t o v e r c u t a n d b u n d l e d . 
2 . T w o o p e r a t o r s , o n e p a i r o f b u l l o c k s . 
3 . S u p p l e m e n t a l i n t r a r o w h a n d w e e d i n g w h e r e m e c h a n i z e d c u l t i v a t i o n w a s u s e d . 
4 . T w o s p r a y i n g s w i t h U L V s p r a y e r . 
5 . C o w p e a b e a n s . 
6 . P e a r l m i l l e t h e a d s . 
Pub l ica t ions Research Bul let in 
B o o k 
Bansal R . K . 1989. The A g r i b a r operator 's m a n -
u a l : f ie ld operat ions. Pa tancheru , A . P . 502 324, 
I n d i a : I n t e rna t i ona l Crops Research Ins t i tu te 
f o r the S e m i - A r i d T rop ics . 58 pp . I S B N 92-9066-
126-7. ( B O E 011) 
Vi rman i , S . M . , Tandon, H .L .S . , and Alagars-
wamy, G. 1989. M o d e l i n g the g r o w t h and devel-
opmen t o f s o r ghum and pear l m i l le t . Research 
Bu l l e t i n no . 12. Pa tancheru , A . P . 502 324, I n d i a : 
I n t e r n a t i o n a l Crops Research Ins t i tu te f o r the 
S e m i - A r i d T rop ics . 50 p p . I S B N 92-9066-174-7. 
( R B E 012) 
Inst i tute Publ icat ions 
Resource Management 241 
-
-
- - - -
-
-
242 Resource Management 
W o r k s h o p and Symposia Proceedings 
I C R I S A T ( I n t e r n a t i o n a l C r o p s Research I n s t i ­
t u te f o r the S e m i - A r i d T r o p i c s ) . 1989. S m a l l 
watershed h y d r o l o g y : s u m m a r y proceedings of a 
w o r k s h o p o n T h e R o l e o f S m a l l Wa te rshed 
H y d r o l o g y i n Ra in fed A g r i c u l t u r e , 22 -24 N o v 
1988, I C R I S A T Center , I n d i a . Pa tanche ru , A . P . 
502 324, I n d i a : I C R I S A T . 4 4 p p . I S B N 92-9066-
106-2. ( C P E 055) 
I C R I S A T ( I n t e r n a t i o n a l C rops Research I n s t i ­
tu te f o r the S e m i - A r i d T r o p i c s ) . 1989. S o i l , c r o p , 
and wate r managemen t systems f o r ra in fed ag r i ­
cu l tu re in the sudano-sahe l ian zone: proceedings 
o f an I n t e r n a t i o n a l W o r k s h o p , 11-16 J a n 1987, 
I C R I S A T S a h e l i a n C e n t e r , N i a m e y , N ige r . 
P a t a n c h e r u , A . P . 502 324, I n d i a : I C R I S A T . 400 
p p . I S B N 92-9066-169-0. ( C P E 060) 
I C R I S A T ( I n t e r n a t i o n a l C rops Research Ins t i -
t u te f o r the S e m i - A r i d T r o p i c s ) . 1989. M a n a g e -
men t o f Ver t iso ls f o r i m p r o v e d ag r i cu l tu ra l p r o -
d u c t i o n : proceedings o f a n I B S R A M I n a u g u r a l 
W o r k s h o p , 18-22 Feb 1985, I C R I S A T Center , 
I n d i a . Pa tanche ru , A . P . 502 324, I n d i a : I C R I ­
S A T . I S B N 92-9066-139-9. ( C P E 061) 
J o u r n a l Art ic les 
Bonsu, M . , and Laryea, K .B . 1989. Sca l ing the 
sa tu ra ted h y d r a u l i c c o n d u c t i v i t y o f an a l f i so l . 
J o u r n a l o f So i l Science 40:731-742. ( J A 857) 
Dudley , N .J . , Muel ler , R . A . E . , and Wightman , 
J . A . 1989. A p p l i c a t i o n o f d y n a m i c p r o g r a m ­
m i n g f o r g u i d i n g I P M o n g r o u n d n u t l ea fm iner 
i n I n d i a . C r o p P ro tec t i on 8:349-357. ( J A 746) 
H u d a , A . K . S . , Sekaran, J . G . , and V i r m a n i , 
S . M . 1989. Ana lys i s o f ag roc l ima t i c da ta t o 
assess wa te r ava i l ab i l i t y f o r c rop p r o d u c t i o n in 
s u b h u m i d I n d i a . Fer t i l i ser News 34(10) :35-42. 
( J A 716) 
Jodha, N .S . 1988. Pover t y debate in I n d i a : a 
m i n o r i t y v iew. Econom ic and Po l i t i ca l W e e k l y 
23(45, 46, and 47) :2421-2428. ( J A 768) 
M c l n t i r e , J . , and Fussell, L .K . 1989. O n - f a r m 
exper iments w i t h m i l l e t i n N iger : c rop estab-
l i shmen t , y ie ld loss fac tors and economic ana ly-
sis. E x p e r i m e n t a l A g r i c u l t u r e 25(2 ) :217-233 . 
( J A 815) 
Muel ler , R., V i r a k u l , P., and Troedson, R. 1989. 
Pigeonpea in nor theast T h a i l a n d : i n search o f 
p r o d u c t i o n niches. A C I A R F o o d L e g u m e N e w -
sletter 10:2-4. ( J A 811) 
Pathak , P. , Laryea, K.B. , and Sardar Singh. 
1989. A m o d i f i e d c o n t o u r b u n d i n g system f o r 
A l f i so l s o f the semi -ar id t rop ics . A g r i c u l t u r a l 
W a t e r Managemen t 16(3): 187-199. ( J A 750) 
Piara Singh, and Sri R a m a , Y . V . 1989. In f luence 
o f wa te r de f ic i t on t r ansp i r a t i on and r a d i a t i o n 
use ef f ic iency of ch ickpea (Cicer arietinum L . ) . 
A g r i c u l t u r a l and Forest M e t e o r o l o g y 48(3-4): 
317-330 . ( J A 841) 
Sahrawat, K . L . 1989. Effects o f n i t r i f i c a t i o n 
i n h i b i t o r s on n i t rogen t r a n s f o r m a t i o n s , o ther 
t h a n n i t r i f i c a t i o n , i n soi ls. Advances i n A g r o n ­
o m y 42:279-309. ( J A 705) 
Sahrawat , K . L . 1988. Use of 1 5N in n i t r i f i c a t i o n 
i n h i b i t o r studies w i t h special reference to i n d i ­
genous mater ia ls . J o u r n a l o f Nuc lear A g r i c u l ­
tu re B io logy 17(4):238-242. ( C P 400) 
Sahrawat , K .L . , and W a r r e n , G .P . 1989. S o r p ­
t i o n o f label led phosphate by a Ve r t i so l and an 
A l f i s o l o f the semi -a r id zone o f I n d i a . Fer t i l i ze r 
Research 20:17-25. ( J A 847) 
Sahrawat, K .L . , Pardhasaradhi, G. , and M u r t h y , 
K . V . S . 1989. E v a l u a t i o n o f d i s t i l l i ng the ent i re 
digest o r an a l i quo t f o r t o t a l n i t r ogen de te rm ina ­
t i o n in so i l digests. Fer t i l i ze r Research 19(1): 
39 -43 . ( J A 776) 
Resource Management 243 
Srivastava, K .L . , Smith , G . D . , and Jangawad, 
L .S . 1989. C o m p a c t i o n and shad ing effects on 
surface c rack ing in a Ver t i so l . So i l and T i l lage 
Research 13(2) :151-161. ( J A 739) 
Thomas, N .P . , and EI Swaify, Samir A. 1989. 
C o n s t r u c t i o n and ca l i b ra t i on o f a ra in fa l l s imu ­
la to r . J o u r n a l o f A g r i c u l t u r a l Engineer ing Re­
search 43 :1 -9 . ( J A 748) 
W a n i , S .P. , Chandrapalaih, S., Zambre, M . A . , 
and Lee, K . K . 1989. Assoc ia t i on between N 2 -
f i x i n g bacter ia and pear l m i l le t p lants: responses, 
mechanisms and persistence. Pages 249-262 in 
N i t r o g e n f i x a t i o n w i t h non- legumes (Sk inner , 
F .A . , e t a l . , eds.). D o r d r e c h t , the Nether lands: 
K l u w e r Academic Publ ishers. ( J A 732) 
Conference Papers 
Bationo, A . , Christianson, C.B., and M o k w u -
nye, U . 1989. So i l f e r t i l i t y management o f the 
pear l m i l l e t - p r o d u c i n g sandy soils o f Sahel ian 
West A f r i c a : the N iger exper ience. Pages 159— 
168 in S o i l , c r o p , and water management sys­
tems f o r ra in fed agr icu l tu re in the sudano-
sahel ian zone: proceedings o f an In te rna t i ona l 
W o r k s h o p , 11-16 Jan 1987, I C R I S A T Sahel ian 
Center, N iamey , Niger. Patancheru, A . P . 502 324, 
I n d i a : I n t e r n a t i o n a l Crops Research Ins t i tu te 
f o r the S e m i - A r i d Trop ics . ( C P 413) 
Bur ford , J .R . , Sahrawat, K .L . , and Singh, R . P . 
1989. N u t r i e n t management in Vert iso ls in the 
I n d i a n semi -ar id t rop ics . Pages 147-159 in 
M a n a g e m e n t o f Vert isols f o r imp roved agr icu l ­
t u r a l p r o d u c t i o n : proceedings o f an 1 B S R A M 
I n a u g u r a l W o r k s h o p , 18-22 Feb 1985, I C R I ­
S A T Center , I nd i a . Patancheru , A . P . 502324, 
I nd i a : I n te rna t i ona l Crops Research Ins t i tu te 
f o r the S e m i - A r i d Trop ics . ( C P 371) 
Butler, D . R . 1989. Ref lect ions on ra in fa l l and 
wetness on leaves. Pages 235-249 in A g r o m e -
teoro log ica l i n f o r m a t i o n f o r p l ann ing and oper-
a t i on in agr icu l ture w i t h pa r t i cu la r reference to 
p lan t p ro tec t ion : lectures presented at the W o r k ­
shop, 22 -26 A u g 1988, Ca l cu t t a , I n d i a ( K r i s h -
n a m u r t h y , V . , and M a t h y s , G. , eds.). Geneva, 
Sw i tze r land : W o r l d Me teo ro log i ca l Organ iza­
t i o n . ( C P 484) 
Ghodake, R . D . 1989. Ex -an te economic evalua­
t i o n o f imp roved Ver t i so l techno logy : results 
f r o m w h o l e - f a r m mode l l i ng . Pages 121-148 in 
Techno logy op t ions and economic po l icy f o r 
d r y l and agr icu l tu re : po ten t ia l and chal lenge (se­
lected papers f r o m the proceedings o f a W o r k ­
shop, 22 -24 Augus t 1983, I C R I S A T Cent re 
[s ic ] , Patancheru, A . P . , Ind ia ) . New D e l h i , I nd ia : 
Concept Pub l i sh ing Co . ( C P 245) 
H u d a , A . K . S . , and Thakur , R . P . 1989. Charac ­
te r i za t ion of env i ronments f o r ergot disease 
deve lopment in pear l m i l l e t . Pages 1-18 in 
Agrome teo ro log i ca l i n f o r m a t i o n f o r p l ann ing 
and ope ra t i on in agr icu l tu re w i t h par t i cu la r ref­
erence to p lan t p ro tec t i on : lectures presented at 
the W o r k s h o p , 22-26 A u g 1988, Ca lcu t ta , I n d i a 
( K r i s h n a m u r t h y , V . , and M a t h y s , G. , eds.). 
Geneva, Sw i t ze r land : W o r l d M e t e o r o l o g i c a l 
O rgan i za t i on . ( C P 485) 
H u d a , A . K . S . , and Ong, C .K . 1989. C r o p s i m u ­
l a t i o n models and some imp l i ca t i ons fo r ag ro fo -
restry systems. Pages 115-124 in M e t e o r o l o g y 
and agro fores t ry : proceedings o f an In te rna ­
t i o n a l W o r k s h o p on the A p p l i c a t i o n o f M e t e o ­
r o l o g y to Ag ro fo res t r y Systems P lann ing and 
Manageme n t , 9-13 Feb 1987, N a i r o b i , K e n y a . 
N a i r o b i , Kenya : I n t e r n a t i o n a l C o u n c i l f o r Re ­
search in Agro fo res t r y . ( C P 363) 
Jodha, N .S . 1989. D r y f a r m i n g research: issues 
and approaches. Pages 187-217 in Techno logy 
op t i ons and economic po l i cy f o r d r y l a n d ag r i ­
cu l tu re : po ten t ia l and chal lenge (selected papers 
f r o m the proceedings o f a W o r k s h o p , 22 -24 
Augus t 1983, I C R I S A T Centre [s ic ] , Pa tan ­
cheru , A . P . , Ind ia ) . N e w D e l h i , I nd i a : Concep t 
Pub l i sh ing C o . ( C P 243) 
244 Resource Management 
K l a i j , M . C . , and Hoogmoed, W . B . 1989. C r o p 
response to t i l lage pract ices in a Sahel ian so i l . 
Pages 265-275 in S o i l , c r o p , and water manage­
m e n t systems f o r ra in fed agr icu l tu re in the 
sudano-sahe l ian zone: proceedings o f an In te r ­
n a t i o n a l W o r k s h o p , 11-16 J a n 1987, I C R I S A T 
Sahe l ian Center , N iamey , Niger . Pa tancheru , 
A . P . 502324 , I n d i a : I n t e r n a t i o n a l C rops Re­
search Ins t i t u te f o r the S e m i - A r i d T rop i cs . ( C P 
414) 
Laryea , K .B . , Sachan, R . C . , and Pathak, P. 
1989. T h e storage and use o f r u n o f f water f o r 
ag r i cu l tu re in the semi-ar id t rop ics . Pages 86-97 
in Proceedings of the Seventh A f r o - A s i a n Re ­
g i o n a l Conference, 15-25 Oc t 1989, T o k y o , 
J a p a n . V o l . 1 A . N e w D e l h i , I n d i a : I n t e r n a t i o n a l 
C o m m i s s i o n o n I r r i g a t i o n a n d D r a i n a g e . ( C P 
496) 
M u r t y , K . N . , and Lal i tha , S . 1989. Impac ts o f 
hypo the t i ca l changes in p r o d u c t i v i t y and ra in fa l l 
on aggregate c r o p p r o d u c t i o n , c o n s u m p t i o n , 
pr ices, and income in d i f fe ren t c r o p p i n g zones o f 
S A T I n d i a . Pages 305-346 i n Techno logy o p ­
t ions and economic po l i c y f o r d r y l a n d ag r i cu l ­
t u re : po ten t i a l and chal lenge (selected papers 
f r o m the proceedings o f a W o r k s h o p , 22 -24 
A u g u s t 1983, I C R I S A T Cent re [s ic ] , Pa tan ­
che ru , A . P . , I nd ia ) . N e w D e l h i , I n d i a : Concep t 
Pub l i sh ing C o . ( C P 246) 
Ong, C .K . 1989. Cha rac te r i za t i on o f the m i c r o -
e n v i r o n m e n t : measurement techniques. Pages 
137-144 in S o i l , c r o p , and water management 
systems f o r ra in fed ag r i cu l tu re in the sudano-
sahel ian zone: proceedings o f an I n t e r n a t i o n a l 
W o r k s h o p , 11-16 Jan 1987, I C R I S A T Sahel ian 
Center, N iamey , Niger. Patancheru , A . P . 502324, 
I n d i a : I n t e r n a t i o n a l C rops Research Ins t i tu te 
f o r the S e m i - A r i d T rop i cs . ( C P 401) 
R a o , M . R . , Shetty, S .V .R . , R e d d ) , S . L . N . , and 
Sharma, M . M . 1989. Weed management i n 
i m p r o v e d ra in fed c r o p p i n g systems in semi -ar id 
I nd ia . Pages 303-316 in S o i l , c r o p , and water 
management systems f o r ra in fed agr icu l tu re in 
the sudano-sahel ian zone: proceedings o f an 
In te rna t iona l W o r k s h o p , 11-16 Jan 1987, I C R I ­
S A T Sahe l ian Center , N i a m e y , N iger . P a t a n ­
che ru , A . P . 502 324, I n d i a : I n t e r n a t i o n a l C rops 
Research Ins t i t u te f o r the S e m i - A r i d T r o p i c s . 
( C P 489) 
Shetty, S . V . R . 1989. Des ign and eva lua t i on o f 
a l te rna t i ve p r o d u c t i o n systems: pear l m i l l e t / 
maize and c e r e a l / g r o u n d n u t systems in M a l i . 
Pages 291-301 in S o i l , c r o p , and water manage­
m e n t systems f o r ra in fed agr icu l tu re in the 
sudano-sahe l ian zone: proceedings o f an In te r ­
n a t i o n a l W o r k s h o p , 11-16 J a n 1987, I C R I S A T 
Sahel ian Center , N iamey , N iger . Pa tancheru , 
A . P . 502324 , I nd i a : I n t e r n a t i o n a l C rops Re ­
search Ins t i t u te f o r the S e m i - A r i d T rop ics . ( C P 
411) 
Sivakumar, M . V . K . 1989. A g r o c l i m a t i c aspects 
o f ra in fed agr icu l tu re in the Sudano-Sahe l ian 
zone. Pages 17-38 in S o i l , c r o p , and water m a n ­
agement systems f o r ra in fed agr icu l tu re in the 
sudano-sahe l ian zone: proceedings o f an In te r ­
n a t i o n a l W o r k s h o p , 11-16 Jan 1987, I C R I S A T 
Sahe l ian Center , N i a m e y , N iger . Pa tancheru , 
A . P . 502324 , I n d i a : I n t e r n a t i o n a l C rops Re­
search Ins t i t u te f o r the S e m i - A r i d T rop ics . ( C P 
410) 
Swindale, L . D . 1989. Approaches to agro tech-
no logy t ransfer , pa r t i cu la r l y a m o n g Ver t iso ls . 
Pages 181-193 in M a n a g e m e n t of Ver t iso ls f o r 
i m p r o v e d ag r i cu l tu ra l p r o d u c t i o n : proceedings 
o f a n I B S R A M Inaugu ra l W o r k s h o p , 18-22 Feb 
1985, I C R I S A T Center , I n d i a . Pa tancheru , A . P . 
502324 , I n d i a : I n t e r n a t i o n a l C rops Research 
Ins t i t u te f o r the S e m i - A r i d T rop i cs . ( C P 370) 
Resource Management 245 
V a n D e n Beldt, R .J . 1989. Ag ro fo res t r y in the 
semi -a r id t rop ics : strategies and research needs. 
Pages 191-200 in S o i l , c r o p , and water manage­
ment systems f o r ra in fed agr icu l tu re in the 
sudano-sahel ian zone: proceedings of an In ter ­
n a t i o n a l W o r k s h o p , 11-16 J a n 1987, l C R I S A T 
Sahe l ian Center , N i a m e y , N iger . Patancheru, 
A . P . 502 324, I n d i a : I n t e r n a t i o n a l Crops Re­
search Ins t i t u te f o r the S e m i - A r i d Trop ics . ( C P 
399) 
V i r m a n i , S . M . , R a o , M . R . , and Srivastava, K .L . 
1989. App roaches to the management o f V e r t i -
sols in the semi -ar id t rop ics : the I C R I S A T expe­
r ience. Pages 17-33 in Managemen t of Vert isols 
f o r i m p r o v e d ag r i cu l tu ra l p r o d u c t i o n : proceed­
ings o f a n I B S R A M Inaugu ra l W o r k s h o p , 18-22 
Feb 1985, I C R I S A T Center , I nd i a . Patancheru, 
A . P . 502 324, I n d i a : I n te rna t i ona l Crops Re­
search Ins t i t u te f o r the S e m i - A r i d Trop ics . ( C P 
369) 
von Oppen, M . , Ghodake, R . D . , Kshirsagar, 
K . G . , and Singh, R .P . 1989. Soc ioeconomic 
aspects of t ransfer of Ver t i so l technology. Pages 
235-249 in Managemen t o f Vert isols fo r i m ­
p roved ag r i cu l t u ra l p r o d u c t i o n : proceedings o f 
an I B S R A M I n a u g u r a l W o r k s h o p , 18 22 Feb 
1985, I C R I S A T Center, I nd ia . Patancheru , A . P . 
502324 , I n d i a : I n t e rna t i ona l Crops Research 
Ins t i tu te f o r the S e m i - A r i d Trop ics . ( C P 367) 
Walker , T . S . , and Singh, R .P . 1989. I m p r o v e d 
seeds o f change in d r y l a n d agr icu l ture : promise 
and imp l i ca t i ons f o r economics research. Pages 
219-244 in Techno logy opt ions and economic 
po l i cy f o r d r y l a n d agr icu l ture : po ten t ia l and 
chal lenge (selected papers f r o m the proceedings 
o f a W o r k s h o p , 22 -24 Augus t 1983, I C R I S A T 
Cent re [s ic ] , Pa tancheru , A . P . , I nd ia ) . N e w 
D e l h i , I n d i a : Concept Pub l i sh ing Co . ( C P 247) 
Walker , Thomas, S. 1989. H igh -y ie l d i ng v a r i ­
eties and va r i ab i l i t y in so rghum and pear l m i l l e t 
p r o d u c t i o n in I n d i a . Pages 91-99 in Va r i ab i l i t y 
in g ra i n y ie lds: imp l i ca t i ons f o r ag r i cu l tu ra l re­
search and po l icy in developing countr ies (Ande r ­
son , J .R . , and Haze l l , P.B.R. , eds.). Ba l t imo re , 
M a r y l a n d , U S A : Johns H o p k i n s Un ivers i t y 
Press. ( C P 288) 
Walker , T .S . , R y a n , J .G . , Kshirsagar, K .G . , and 
Sarin, R. 1989. The economics of deep Ver t i so l 
technology opt ions: imp l i ca t ions fo r design, test­
i ng , and t ransfer . Pages 1-36 in Techno logy 
op t ions and economic po l i cy f o r d r y l a n d ag r i ­
cu l tu re : po ten t ia l and chal lenge (selected papers 
f r o m the proceedings o f a W o r k s h o p , 22 -24 
Augus t 1983, I C R I S A T Centre [s ic ] , Pa tan ­
cheru , A . P . , Ind ia ) . N e w D e l h i , I nd i a : Concept 
Pub l i sh ing Co . ( C P 242) 
Walker , Thomas, S. 1989. Y ie ld and household 
income va r iab i l i t y in Ind ia 's semi-ar id t rop ics . 
Pages 309-319 in V a r i a b i l i t y in g ra in yields: 
imp l i ca t i ons f o r ag r i cu l t u ra l research and po l i cy 
in deve lop ing count r ies ( A n d e r s o n , J .R . , and 
Haze l l , P.B.R., eds.). Ba l t imore , M a r y l a n d , U S A : 
Johns H o p k i n s Un ivers i ty Press. ( C P 289) 
Walker , T .S . 1988. Present and prospect ive uses 
of tree species in Ind ia 's semi -a r id t rop ics . Pages 
37 -47 in Trees on smal l fa rms : mu l t i pu rpose tree 
species research f o r the a r id and semi-ar id t r o p ­
ics: proceedings o f the N e t w o r k W o r k s h o p o f 
the F o r e s t r y / F u e l w o o d Research and Deve l ­
opmen t ( F / F R E D ) Pro jec t , 16-19 N o v 1987, 
K a r a c h i , Pak is tan (Tay lo r , D . A . , and M e d e m a , 
L. , eds.). Wash ing ton D .C. , U S A : W i n r o c k 
I n te rna t i ona l . ( C P 419) 
Wil ley, R . W . , Singh, R .P . , and Reddy, M . S . 
1989. C r o p p i n g systems f o r Ver t iso ls in d i f fe rent 
r a i n fa l l regimes on the semi-ar id t rop ics . Pages 
119-131 in Management o f Vert isols f o r i m ­
p roved agr i cu l tu ra l p r o d u c t i o n : proceedings o f 
a n I B S R A M I n a u g u r a l W o r k s h o p , 18-22 Feb 
1985, I C R I S A T Center, I nd ia . Patancheru , A . P . 
502324 , I n d i a : I n t e rna t i ona l C rops Research 
Ins t i tu te f o r the S e m i - A r i d T rop ics . ( C P 368) 
246 Resource Management 
Theses 
Fafchamps, Marce l . 1989. Sequent ia l decisions 
u n d e r unce r ta i n t y and l abo r m a r k e t fa i l u re : a 
m o d e l o f househo ld behav io r i n the A f r i c a n 
semi -a r id t rop ics . P h D thesis, Un ive rs i t y o f C a l i ­
f o r n i a , Berkeley, U S A . 349 pp . 
Jansen, Hans G .P . 1989. A d o p t i o n o f m o d e r n 
cereal cu l t i vars i n I nd ia : de te rm inan ts and i m p l i ­
ca t ions o f i n te r reg iona l v a r i a t i o n in the speed 
and ce i l ing o f d i f f us i on . P h D thesis, Co rne l l 
Un i ve rs i t y , I t haca , U S A . 423 pp . 
Kristjanson, Patricia M . 1989. T h e ro le o f 
i n f o r m a t i o n and f l ex i b i l i t y i n sma l l - f a rm dec i ­
s ion m a k i n g and r isk management : evidence 
f r o m the West A f r i c a n semi -a r id t rop ics . P h D 
thesis, Un i ve rs i t y o f W iscons in , M a d i s o n , U S A . 
165 p p . 
R e n k o w , Mi tchel l A . 1989. H o u s e h o l d i n v e n t o ­
ries and marke ted surp lus in semi-subsistence 
ag r i cu l tu re . P h D thesis. N o r t h C a r o l i n a State 
Un ive rs i t y , Ra le igh , U S A . 201 pp . 
Shailaja, S. 1989. Phosphate adsorp t ion -desorp -
t i o n i n selected Ver t iso ls . M S c thesis, A n d h r a 
Pradesh A g r i c u l t u r a l Un i ve rs i t y , H y d e r a b a d , 
A n d h r a Pradesh, I n d i a . 108 pp . 
Sharma, Kailash Chandra . 1989. A s tudy of the 
f a r m - h o u s e h o l d economy o f semi -ar id t r o p i c a l 
f a rms i n I n d i a . P h D thesis, Un ive rs i t y o f N e w 
E n g l a n d , A r m i d a l e , Aus t ra l i a . 335 p p . 
TECHNOLOGY TRANSFER 
Contents 
Reg iona l W o r k s h o p s / Meet ings 
A s i a 
West A f r i c a 
S o u t h e r n A f r i c a 
Reg iona l T o u r s 
F ie ld Days 
In format ion Services 
I C R I S A T Center 
I C R I S A T Sahel ian Center 
Library and Documentat ion Services 
Acqu i s i t i ons 
Database Deve lopmen t 
D o c u m e n t a t i o n Services 
S A T C R I S W o r k s h o p s i n Sou the rn 
A f r i c a 
C G I A R D o c u m e n t a t i o n and 
I n f o r m a t i o n Services M e e t i n g 
U n i o n Ca ta log o f Serials Ho ld i ngs 
i n i A R C s 
I S C Ac t i v i t i es 
Publications 
The c i ta t ion for this report is I C R I S A T ( Internat ional Crops Research Inst i tute for the Semi -Ar id Tropics). 1990. Annua l report 
1989. Patancheru, A .P . 502 324, India: I C R I S A T . 
For o f fpr in ts , wr i te to: I n fo rma t i on Services, In ternat ional Crops Research Inst i tute fo r the Semi-Ar id Tropics ( I C R I S A T ) , 
Patancheru, A . P . 502 324, India. 
268 
268 
269 
271 
272 
272 
273 
273 
274 
275 
275 
275 
275 
278 
278 
278 
278 
279 
249 
251 
253 
254 
255 
255 
257 
257 
257 
259 
264 
265 
265 
266 
267 
267 
H u m a n Resource Development 
In-serv ice T r a i n i n g P rog rams 
a t I C R I S A T Center 
In-serv ice Reg iona l and N a t i o n a l 
Ac t i v i t i es 
Specia l N a t i o n a l Scient ist S k i l l 
Deve lopmen t Ac t i v i t i es 
Pos tdoc to ra l Fe l lowsh ips 
Research Scho la r Reg iona l and 
N a t i o n a l Ac t i v i t i es 
A p p r e n t i c e Ac t i v i t i es 
Networks 
A s i a n G r a i n Legumes N e t w o r k ( A G L N ) 
Legumes O n - F a r m Tes t ing and 
Nursery ( L E G O F T E N ) U n i t 
Coopera t i ve Cereal Research N e t w o r k 
( C C R N ) 
West and Cen t ra l A f r i c a n M i l l e t 
Research N e t w o r k 
Eastern A f r i c a Reg iona l Cereals and 
Legumes ( E A R C A L ) P r o g r a m 
Reg iona l S o r g h u m and M i l l e t s I m p r o v e ­
men t P r o g r a m f o r Sou the rn A f r i c a 
Conferences/ Workshops/ Meetings 
I n t e r n a t i o n a l W o r k s h o p s 
TECHNOLOGY TRANSFER 
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D u r i n g 1989, N a t i o n a l M in i s t r i es o f A g r i c u l ­
t u re , Un ivers i t ies , and semi-ar id t rop ics ( S A T ) 
research o r deve lopment p rog rams nomina ted 
m o r e t h a n 400 scientists o r technic ians fo r t r a i n ­
ing . I C R I S A T Center accepted 258 nominees 
(Tab les 1 and 2). There were 116 par t ic ipants in 
the reg iona l and na t i ona l h u m a n resource devel ­
o p m e n t act iv i t ies (Tables 3 and 4) in add i t i on to 
those p a r t i c i p a t i n g in degree programs. The 
P o s t d o c t o r a l Fe l lows , In-service Fe l lows, Re ­
search Scholars ( M S c o r P h D ) , N a t i o n a l Scien­
t is ts, In-serv ice Tra inees, and Apprent ices were 
c o o r d i n a t e d by the T r a i n i n g Of f icers and R e ­
search Scient ists t h r o u g h the T r a i n i n g Adv i so r y 
C o m m i t t e e . 
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The intensive 8-week course in scient i f ic Engl ish 
comprehens ion and usage was at tended by 28 
research scientists and technic ians f r o m 15 coun-
tr ies: Ben in (2) , B u r k i n a Faso (3), Chad (2), Cote 
d ' l v o i r e (2) , Gu inea (3) , M a l i (4) , M o z a m b i q u e 
(4) , S o m a l i a (2) , H o n d u r a s , M a u r i t a n i a , N iger , 
S u d a n , T h a i l a n d , and Yemen A r a b Republ ic . 
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In-service Training Programs 
at I C R I S A T Center 
T a b l e 3 . I n t e r n a t i o n a l a n d r e g i o n a l specia l t r a i n i n g a c t i v i t i e s , 1 9 8 9 . 
A c t i v i t y ( s p o n s o r s / l e a d e r s h i p ) 
Ce rea l p a t h o l o g y f o r eastern A f r i c a 
techn i c ians ( S A F G R A D , E A R S A M , 
I C R I S A T ) 
D e t e c t i o n a n d i d e n t i f i c a t i o n o f l egume 
v i ruses ( I C R I S A T ) 
V e r t i s o l ; so i l m a n a g e m e n t t e c h n o l o g y 
( I B S R A M , I C R I S A T ) 
L e g u m e p a t h o l o g y ( I C R I S A T ) 
Cerea l e n t o m o l o g y ( K A R I , S A D C C , 
E A R C A L , I C I P E , I C R I S A T ) 
L o c a t i o n 
I n d i a 
I n d i a 
I n d i a 
I n d i a 
K e n y a 
P a r t i c i p a n t s 
12 
8 
20 
9 
17 
C o u n t r y a n d p a r t i c i p a n t s 
B u r u n d i , K e n y a (2 ) , R w a n d a (2 ) , S o m a l i a 
(2 ) , S u d a n (2 ) , T a n z a n i a (2 ) , U g a n d a 
Bang ladesh , I n d i a , N e p a l (2 ) , S r i L a n k a , 
T h a i l a n d , the P h i l i p p i n e s , U g a n d a 
B e n i n , B u r k i n a Faso (2) , C a m e r o o n , E t h i ­
o p i a (3 ) , G h a n a (2 ) , K e n y a (2 ) , M a l a w i , 
M a l i , N i g e r i a (2 ) , S u d a n , T a n z a n i a , T o g o , 
Z i m b a b w e (2) 
E t h i o p i a , I n d i a (3 ) , I n d o n e s i a , K e n y a , 
N i g e r , T h a i l a n d , U g a n d a 
B u r u n d i , E t h i o p i a (2 ) , K e n y a (6 ) , R w a n d a 
(2 ) , S o m a l i a (2) , S u d a n (2 ) , U g a n d a (2) 
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T a b l e 2 . Continued. 
R e g i o n / c o u n t r y P D F 1 
U K 
U S A 2+1 
T o t a l 12+7 
1. P D F = Postdoctoral Fellows, 
RSC = Research Scholars, 
NSC = Nat ional Scientists, 
2. Number cont inuing into 1990. 
I S F 
66+6 
R S C 
0+1 
1+1 
15+15 
I S N S C 
99 18 
ISF = In-service Fellows, 
IS = In-service Trainees (6 months), 
App = Apprentices 
A p p 
5 
0+1 
17+3 
T o t a l 
5+1 
3+3 
227+31 
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30 coun t r ies (Tab le 5 ) pa r t i c i pa ted in r a i n y -
season p rac t i ca l f ie ld t r a i n i n g and conduc ted 60 
s o r g h u m , 22 pear l m i l l e t , 40 g r o u n d n u t , 18 
p igeonpea , 22 i n t e r c r o p p i n g , and 2 maize exper ­
imen ts , as we l l as 19 s o r g h u m , 8 pear l m i l l e t , 5 
g r o u n d n u t , and 3 p igeonpea i n t e rna t i ona l t r ia ls . 
P r o d u c t i o n a g r o n o m y pa r t i c i pan ts , interested i n 
ex tens ion me thods , conduc ted t w o pear l m i l l e t 
f i e ld demons t ra t i ons (Tab le 6). 
N a t i o n a l scientists f r o m E t h i o p i a (2) under ­
t o o k selected t r a i n i n g (17 weeks) in soi l and 
p l an t analysis techniques. C l i m a t o l o g y studies (2 
weeks) were comp le ted by a scient ist f r o m S r i 
L a n k a . G e r m p l a s m co l lec t ion and eva lua t ion 
techniques were s tud ied (12 weeks) by a S o m a -
l ian scient ist . Research w o r k e r s f r o m N ige r and 
the Ph i l ipp ines studied mi l le t pa tho logy (5 weeks) 
T a b l e 5 . S i x - m o n t h i n - s e r v i c e t r a i n i n g p a r t i c i p a n t s i n 1 9 8 9 . 
S t u d y g r o u p 
P o s t r a i n y - s e a s o n p r o g r a m s 
L e g u m e s I m p r o v e m e n t 
R a i n y - s e a s o n p r o g r a m s 
Cerea ls I m p r o v e m e n t 
L e g u m e s I m p r o v e m e n t 
P r o d u c t i o n A g r o n o m y 
R e s o u r c e M a n a g e m e n t 
C o u n t r y a n d p a r t i c i p a n t s 
( C o n t i n u e d f r o m 1988) 
A f g h a n i s t a n (2 ) , M a l a w i , P a k i s t a n (2 ) , t h e P h i l i p p i n e s , 
S r i L a n k a , S u d a n , Z a m b i a 
B u r k i n a Faso (2 ) , C h a d , C h i n a , C o t e d ' I v o i r e , E t h i o p i a 
( 2 ) , t he G a m b i a , M a l i , M a u r i t a n i a , M o z a m b i q u e , t he 
P h i l i p p i n e s , S o m a l i a (3 ) , S u d a n , S w a z i l a n d (2 ) , U g a n d a 
(2 ) , V i e t n a m (2 ) , Z a m b i a (2 ) , Z i m b a b w e (2) 
B e n i n , B u r k i n a F a s o , People 's R e p u b l i c o f C h i n a , E t h i ­
o p i a , G u i n e a , M a l a w i (3 ) , M a l i , M o z a m b i q u e (2 ) , N e p a l , 
S r i L a n k a (2 ) , S u d a n , S w a z i l a n d , T h a i l a n d (2 ) , V i e t n a m 
(2) 
B e n i n , B o t s w a n a , B u r u n d i , Peop le 's R e p u b l i c o f C h i n a , 
C o t e d ' l v o i r e , E t h i o p i a , G u i n e a , M a l i , N e p a l , N i g e r i a 
( 2 ) , the P h i l i p p i n e s , S o m a l i a , S r i L a n k a , S w a z i l a n d , 
T a n z a n i a (2 ) , T h a i l a n d (2 ) , U g a n d a , Y e m e n A r a b 
R e p u b l i c , Z a m b i a , Z i m b a b w e (2) 
C h a d , t he G a m b i a (2 ) , G u i n e a , H o n d u r a s , M a l i , M o z a m ­
b ique , N ige r , the Ph i l ipp ines (2) , S u d a n , T h a i l a n d , Z a m b i a 
T o t a l n u m b e r 
o f p a r t i c i p a n t s 
9 
27 
20 
2 4 
13 
T a b l e 4 . I n - c o u n t r y t r a i n i n g a c t i v i t i e s , 1 9 8 9 . 
L o c a t i o n 
I n d i a 
B a n g l a d e s h 
N i g e r i a 
A c t i v i t y P a r t i c i -
( s p o n s o r s / l e a d e r s h i p ) pan ts 
H y b r i d p i g e o n p e a 10 
p r o d u c t i o n ( I C R I S A T ) 
L e g u m e b r e e d i n g , 3 0 
m a n a g e m e n t , a n d 
p r o d u c t i o n 
( B A R I , A V D R C , 
I C A R D A , I n d i a n 
N R S , A G L N / 
I C R I S A T ) 
S o r g h u m h y b r i d seed 10 
p r o d u c t i o n 
( W A S I P / I C R I S A T ) 
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Z i m b a b w e 
The Sou the rn A f r i c a n Deve lopment C o o r d i n a -
t i o n Conference ( S A D C C / I C R I S A T staf f p r o -
v ided a 12-week t r a i n i ng p r o g r a m fo r f o u r 
Soma l ian technicians in so rghum breeding, ento-
m o l o g y , pa tho logy , and ag ronomy . 
Scientists f r o m M e x i c o (3), and E l Sa lvador , and 
a techn ic ian f r o m C o l u m b i a comple ted 3 -mon th 
p rog rams in so rghum improvemen t and p roduc ­
t i o n a t the Cen t ro In te rnac iona l de M e j o r a -
m i e n t o d e M a i z y T r i g o ( C I M M Y T ) w i t h L a t i n 
A m e r i c a n S o r g h u m I m p r o v e m e n t P r o g r a m 
( L A S I P ) staff. 
M e x i c o 
In-service R e g i o n a l a n d N a t i o n a l 
Act iv i t ies 
and legume agronomy (7 weeks) w i t h our research 
p r o g r a m scientists. 
T a b l e 6 . E x p e r i m e n t s , t r i a l s , a n d d e m o n s t r a t i o n s p l a n n e d a n d c o n d u c t e d b y r a i n y - s e a s o n 6 - m o n t h 
i n - s e r v i c e t r a i n e e s , I C R I S A T C e n t e r , 1 9 8 9 . 
C r o p 
E x p e r i m e n t o r Pear l 
t r i a l i n v o l v i n g S o r g h u m m i l l e t G r o u n d n u t P igeonpea 
Va r i e t i es 17 3 24 12 
H y b r i d s 4 
F e r t i l i z e r 15 4 5 2 
W e e d c o n t r o l 1 2 
P l a n t d e n s i t y 8 3 5 4 
P a t h o l o g y 10 10 3 
E n t o m o l o g y 4 
I n t e r c r o p p i n g t r i a l s 
B- l ine e v a l u a t i o n 1 
I n t e r n a t i o n a l t r i a l s 19 8 5 3 
D e m o n s t r a t i o n s 2 
C r o s s i n g b l o c k s 3 
T o t a l 79 32 45 21 
I n t e r -
c r o p p i n g T o t a l 
56 
4 
1 27 
3 
20 
23 
4 
21 21 
35 
22 199 
A trainee sowing seeds as part of his field experiment. 
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A 6-week research s ta t ion deve lopmen t and 
management t r a i n i n g p r o g r a m i nvo l ved s ta t ion 
managers f r o m Leso tho (2 ) , M a l a w i (2) , Swaz i ­
l and (2) , T a n z a n i a (4) , Z a m b i a , and Z i m b a b w e 
(4). Facu l t y f o r the p r o g r a m were f r o m S A D C C / 
I C R I S A T , I C R I S A T Center , and the I n t e r n a -
t i o n a l Fer t i l i zer Deve lopmen t Center ( I F D C ) . 
A n in tensive 4-day e n t o m o l o g y and pa tho logy 
course was conduc ted by S A D C C / I C R I S A T 
s ta f f (3) f o r technic ians f r o m Bo tswana (2) , 
Leso tho (2) , M a l a w i (2) , Swaz i l and (2) , T a n z a ­
n ia (3) , Z a m b i a , and Z i m b a b w e (3). 
Specia l N a t i o n a l Scientist S k i l l 
D e v e l o p m e n t Act iv i t ies 
T w o scientists f r o m E l Sa lvador s tud ied f o r 1 
week each, and t w o scientists f r o m Gua tema la National Scientist evaluating food quality. 
Postdoctoral Fellow identifying insect parasites. 
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agroforestry research on perennia l p igeonpea 
and leucaena trees. 
Genetic Resources 
Studies eva lua t ing the w i l d species of Penni-
setum f o r pear l mi l le t imp rovemen t were c o m -
pleted by an I n d i a n Fe l low. 
In-service Fellowships 
Scientists with MSc or PhD degrees came from 
27 countries to participate in individualized 
study programs to improve specific research 
skills (Table 7). 
M a l i 
T h e I C R I S A T - M a l i scientists gu ided six K a t i -
b o u g o u A g r i c u l t u r a l Col lege BSc students in 
the i r f i na l year f ie ld research studies and repor ts . 
Three students are con t i nu ing thei r degree s tud ­
ies in soi l f e r t i l i t y , p lant breeding, and a g r o n o m y 
and one is s tudy ing p lant breeding at the Un i ve r ­
sity o f Dschang, Cameroon . 
Niger 
An Ins t i tu t na t iona l de recherches agronomiques 
d u N ige r ( I N R A N ) M i l l e t Breeder conducted 
f ie ld exper iments f o r his P h D thesis f o r a U.S. 
un ivers i ty . A Swiss doc to ra l student in i t ia ted his 
thesis research studies in ag ronomy . A student 
f r o m the Ins t i t u t p ra t ique de deve loppement 
r u r a l ( I P D R ) , K o l o , s tudied fo r 3 mon ths on a 
pos t f l owe r i ng d rough t screening technique. S t u ­
dents f r o m the Depar tement de f o r m a t i o n en 
p ro tec t i on des vegetaux of the C o m i t e pe rman ­
ent in ter -Eta ts de lu t te cont re la secheresse dans 
le Sahel ( C I L S S ) studied the effects of N on stem 
borer popu la t i ons and the react ion o f w i l d 
Legumes P r o g r a m 
Fe l lows f r o m I n d i a (3) comple ted the i r research 
on ch ickpea d r y r o o t ro t , the use o f anther c u l ­
tures f o r h a p l o i d p r o d u c t i o n i n g roundnu t , and 
the use of a t t ractants in Helicoverpa armigera, 
wh i le Fe l lows f r o m T r i n i d a d and Un i t ed States 
(2) comp le ted studies related to wa te r logg ing 
effects on p igeonpea, the inf luences o f c r o p p i n g 
systems on insect levels, and the character iza t ion 
of the causal agent o f p igeonpea ster i l i ty mosaic 
disease. 
Resource M a n a g e m e n t P r o g r a m 
A G h a n a F e l l o w stud ied the phys ica l proper t ies 
associated w i t h so i l water management i n A l f i -
sols. A F e l l o w f r o m Sr i L a n k a comple ted his 
P o s t d o c t o r a l Fe l lows f r o m Japan , Somal ia , and 
Federa l Repub l i c o f Ge rmany completed studies 
related to so rghum head bug management, Striga 
c o n t r o l ( pa r t - t ime assignment i n N iger ) , and 
pear l m i l l e t i m p r o v e m e n t by select ion. A T a n -
zan ian F e l l o w con t inued research on mi l l e t 
i m p r o v e m e n t w i t h the pear l mi l le t breeder a t 
S A D C C / I C R I S A T . 
P o s t d o c t o r a l Fe l lowships 
s tud ied f o r 2 and 5 weeks, s o r g h u m improve ­
men t techniques w i t h the L A S I P staff. 
A n 8-day f o o d p r e p a r a t i o n and qua l i t y eva l ­
u a t i o n course was p r o v i d e d b y S A D C C / I C R I ­
S A T staf f in Z i m b a b w e to a research assistant 
and n u t r i t i o n i s t f r o m Leso tho . E igh t months o f 
t r a i n i n g was g iven in q u a l i t y assessment and in 
the use of m i c rob io l og i ca l techniques in f o o d 
processing to a pa r t i c i pan t f r o m Bu lawayo Po ly -
techn ica l Col lege. The S A D C C / I C R I S A T econ­
o m i s t t r a ined t w o B u l a w a y o Po ly techn ica l C o l ­
lege students in p rac t i ca l m i c r o c o m p u t e r u t i l i za ­
t i o n f o r research f o r 7 weeks. 
Cereals P r o g r a m 
Research Scholar R e g i o n a l 
a n d N a t i o n a l Act iv i t ies 
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T a b l e 7 . I n - s e r v i c e F e l l o w s t u d y p r o g r a m s , I C R I S A T C e n t e r , 1 9 8 9 . 
P r o g r a m / d i s c i p l i n e 
Cerea ls P r o g r a m 
M i l l e t p h y s i o l o g y 
S o r g h u m b r e e d i n g 
S o r g h u m p a t h o l o g y 
S o r g h u m e n t o m o l o g y 
L e g u m e s P r o g r a m 
C h i c k p e a b r e e d i n g 
E l e c t r o n m i c r o s c o p y 
G r o u n d n u t a g r o n o m y 
G r o u n d n u t v i r o l o g y 
L e g u m e m i c r o b i o l o g y 
L e g u m e p a t h o l o g y 
L e g u m e v i r o l o g y 
P i g e o n p e a a g r o n o m y 
P i g e o n p e a b r e e d i n g 
P i g e o n p e a e n t o m o l o g y 
R e s o u r c e M a n a g e m e n t 
A g r o c l i m a t o l o g y 
L a n d a n d w a t e r m a n a g e m e n t 
Gene t i c Resources 
G e r m p l a s m c o n s e r v a t i o n 
C o u n t r y 
B a n g l a d e s h 
M e x i c o , t he P h i l i p p i n e s , T h a i l a n d 
E t h i o p i a , I n d i a , K e n y a , S u d a n 
S u d a n , Y e m e n A r a b R e p u b l i c 
I n d i a 
Z i m b a b w e 
P a k i s t a n , t he P h i l i p p i n e s , S u d a n 
N e p a l , S r i L a n k a 
I n d i a 
E t h i o p i a ( 2 ) , I n d i a (3 ) , I n d o n e s i a , 
K e n y a , N i g e r , T h a i l a n d , U g a n d a 
B a n g l a d e s h , I n d i a ( 2 ) , N e p a l , 
t he P h i l i p p i n e s , T h a i l a n d , U g a n d a 
T h e P h i l i p p i n e s 
I n d i a (11) 
I n d i a 
E t h i o p i a , I n d i a , N i g e r i a 
B e n i n , B u r k i n a Faso (2 ) , C a m e r o o n , E t h i o p i a (3 ) , G h a n a (2 ) , 
K e n y a (2 ) , M a l a w i , M a l i , N i g e r i a (2 ) , S u d a n , T a n z a n i a , 
T o g o , Z i m b a b w e (2) 
M a u r i t a n i a , S o m a l i a 
N u m b e r o f 
weeks 
4 
33 
53 
12 
4 1 
4 
37 
9 
2 
3 6 
2 1 
12 
8 
1 
61 
4 4 
24 
mi l le ts t o smut and ergot . F o u r Un i ve rs i t y o f 
H o h e n h e i m students comp le ted the i r f i e ld s t u d ­
ies in ag ro fo res t ry , soi l physics, p lan t n u t r i t i o n , 
and so i l chemis t ry . 
Th ree students f r o m the un ivers i t y o f N i a m e y 
c o n d u c t e d 2 - m o n t h f i e ld studies in resource 
managemen t and g r o u n d n u t i m p r o v e m e n t . M i l ­
let p a t h o l o g y t r a i n i n g was g iven to t w o p a r t i c i ­
pants f r o m the Cent re reg iona l de f o r m a t i o n e t 
d u p l i c a t i o n en ag rometeo ro log ie e t hyd ro l og ie 
opera t ionne l le ( A G R H Y M E T ) . There were 10 
pa r t i c i pan ts f r o m var ious ins t i t u t i ons i n N iger 
w h o comp le ted 1 - t o 3 - m o n t h p rac t i ca l studies 
gu ided by research, a d m i n i s t r a t i o n , phys ica l 
p l a n t opera t ions , and f a r m opera t ions staff. 
Z i m b a b w e 
T h e S A D C C / I C R I S A T staf f assisted 23 U n i ­
vers i ty o f Z i m b a b w e students (BSc) in 3 - to 4 -
m o n t h s o r g h u m and m i l l e t i m p r o v e m e n t p r o j ­
ects on p lan t b reed ing , p a t h o l o g y , e n t o m o l o g y , 
a g r o n o m y , economics , f o o d techno logy , and 
research f a r m opera t ions f o r f i n a l year s tudy 
papers. 
BSc, M S c , and P h D degrees (37 candidates 
f r o m n ine count r ies ) are be ing sponsored i n 
some U.S. and B raz i l i an univers i t ies by the 
S A D C C / I C R I S A T / U S A I D T i t l e X I I C o l l a b ­
o ra t i ve Research S u p p o r t P r o g r a m o n S o r g h u m 
and Pea r l M i l l e t ( l N T S O R M I L ) p r o g r a m . A 
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A p p r e n t i c e A c t i v i t i e s 
A 4 - m o n t h pa tho logy s tudy was completed at 
M a t o p o s , Z i m b a b w e , by a student f r o m the 
Nether lands . 
Se l f -suppor ted undergraduate and unemp loy ­
ed students f r o m A u s t r a l i a (2), D e n m a r k , the 
Nether lands (3) , I nd ia , Japan (3), M e x i c o , UK 
(5) , U S A , and Federal Repub l i c o f Germany (3) 
conduc ted w o r k - s t u d y and special-report act iv i -
ties ( 1 - 1 0 mon ths ) in ag ronomy , c l ima to logy , 
cytogenet ics, economics, pa tho logy , phys io logy, 
p l an t b reed ing , so i l science, and o ther re lated 
research p rog rams . The i r con t r i bu t i ons repres­
ent m o r e t h a n 242 weeks of f ie ld experience in 
semi-ar id ag r i cu l tu ra l research. 
N e t w o r k s 
A m a j o r channe l f o r t rans fe r r ing techno logy to 
N a t i o n a l Ag r i cu l t u ra l Research Systems ( N A R S ) 
is t h r o u g h research ne tworks . I C R I S A T has 
e ight research ne tworks : separate ones f o r sor-
g h u m and pear l mi l le t f o r West A f r i c a ; a sor-
g h u m , pear l m i l l e t , and p igeonpea n e t w o r k f o r 
eastern A f r i c a ; a so rghum n e t w o r k fo r Cen t ra l 
A m e r i c a ; a s o r g h u m and mi l le ts n e t w o r k f o r 
sou the rn A f r i c a ; a k a b u l i ch ickpea ne twork f o r 
western A s i a and n o r t h e r n A f r i c a ; a g l oba l 
Asian Gra in Legumes N e t w o r k ( A G L N ) 
Since 1986, the A G L N has assisted in the 
exchange o f p lant ma te r ia l , techno logy , and 
i n f o r m a t i o n o f g roundnu t , ch ickpea, and p igeon-
pea a m o n g the ne two rk members in the As ian 
reg ion . The A G L N C o o r d i n a t i o n U n i t a t I C R I -
S A T Center acts as the Secretar iat to fac i l i ta te 
these exchanges, t r a i n i ng and visi ts f o r the 
members , and organizes m o n i t o r i n g tours , d is­
ease and pest surveys, meet ings, and workshops . 
By the end of December 1989, there were 650 
members i n the A G L N Coope ra to r s ' D i rec to ry . 
At present 11 count r ies of sou th and southeast 
As ia (Bangladesh, People's Repub l i c o f C h i n a , 
I n d i a , Indones ia , M y a n m a r , Nepa l , Pak i s tan , 
the Ph i l ipp ines , Sr i L a n k a , T h a i l a n d , and V ie t ­
nam) are f o r m a l l y invo lved i n A G L N t h r o u g h 
c o u n t r y - I C R I S A T M e m o r a n d a o f Unde rs tand ­
i ng ( M O U ) and workp lans . Other As ian c o u n ­
tr ies par t ic ipate on a more i n f o r m a l basis. 
D u r i n g the year, A G L N co l labora ted effec­
t ive ly w i t h o ther reg ional and i n te rna t i ona l 
o rgan iza t ions in o rgan iz ing the cooperat ive net­
w o r k act iv i t ies. No tab le a m o n g these were the 
j o i n t N a t i o n a l G ra in Legumes I m p r o v e m e n t 
P r o g r a m m e ( N G L I P ) - A s i a n Rice F a r m i n g Sys­
tems N e t w o r k ( A R F S N ) - A G L N W o r k s h o p i n 
N e p a l ; the Consu l tan ts ' Mee t i ng on Legume 
Uses at I C R I S A T Center , the Second Peanut 
S t r i pe V i r us C o o r d i n a t o r s ' Mee t i ng a t I C R I ­
S A T Center , and the Second N a t i o n a l Pulses 
W o r k s h o p , and I n - c o u n t r y Legume T r a i n i n g 
Course in Bangladesh (detai ls are g iven later in 
the sec t ion under C o n f e r e n c e s / W o r k s h o p s / 
Meet ings) . 
cereals network; and an Asian grain legumes 
ne twork . These ne tworks assist na t i ona l scien-
tists in research, enhance the i r pa r t i c i pa t i on in 
cooperat ive research, and t ransfer I C R I S A T 
technology d i rect ly t o i nd i v i dua l N A R S . 
s tudent f r o m Leso tho comp le ted a P h D degree 
in adu l t educa t i on . M S c studies were completed 
by students f r o m Tanzania (En tomology) , Ma law i 
(P lan t b reed ing) , Bo tswana (Stat is t ics) , Z a m b i a 
( P l a n t b reed ing) , Z a m b i a ( G r a i n science), and 
Leso tho ( A g r o n o m y ) . A s tudent f r o m Botswana 
comp le ted a BSc degree in p lan t breeding. Five 
P h D degree research scholars conducted thei r 
theses research under the superv is ion of research 
scientists i n p lan t breed ing (Bo tswana and Z i m ­
babwe) , en tomo logy (Bo tswana and Z imbabwe) , 
and economics (Federa l Repub l i c o f Germany) . 
An M S c degree student f r o m Botswana was 
gu ided in ag r i cu l t u ra l economics thesis research. 
M e m o r a n d u m of Understanding 
A n M O U between I C R I S A T and the M i n i s t r y 
o f A g r i c u l t u r e and F o o d Indus t r y ( M A F I ) , 
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G o v e r n m e n t o f V i e t n a m , was signed i n H a n o i on 
25 September 1989. The M O U envisages co l l ab ­
o ra t i ve research on the I C R I S A T manda te crops 
f o r d r y l a n d agr i cu l tu re i n V i e t n a m . Th i s w i l l 
p r o v i d e the necessary f r a m e w o r k f o r s t rengthen­
i n g I C R 1 S A T and A G L N act iv i t ies i n V i e t n a m . 
Workplans 
T h e M O U s w i t h the count r ies f o r m the basis f o r 
deve lop ing a deta i led w o r k p l a n o f co l l abo ra t i ve 
act iv i t ies between each c o u n t r y and A G L N / 
I C R 1 S A T . These w o r k p l a n s l ist the act iv i t ies 
agreed f o r i m p l e m e n t a t i o n . In September 1989, 
I C R I S A T ' s D i r e c t o r Genera l signed in Be i j ing a 
3-year (1989-91) w o r k p l a n w i t h the V ice Pres i ­
dent o f the Chinese A c a d e m y o f A g r i c u l t u r a l 
Sciences ( C A A S ) . 
I n o the r coun t r ies , Rev iew and P l a n n i n g 
Mee t ings were held to rev iew the progress of the 
p rev ious w o r k p l a n , and to prepare a new one f o r 
the nex t year or t w o . These meet ings were he ld in 
Bang ladesh , M y a n m a r , N e p a l , and S r i L a n k a . 
A G L N act iv i t ies i n these f o u r count r ies are sup­
p o r t e d by a special g ran t f r o m the A s i a n D e v e l ­
o p m e n t Bank ( A D B ) . T h e N a t i o n a l A g r i c u l t u r a l 
Research System ( N A R S ) scientists have s h o w n 
interest in these w o r k p l a n s because the la t te r 
re late d i rec t l y to na t i ona l needs and p r io r i t i es 
and inc lude reviews o f the n a t i o n a l p rog ram 's 
t r ia ls and exper iments . 
I n c o l l a b o r a t i o n w i t h the A u s t r a l i a n Centre 
f o r I n t e r n a t i o n a l A g r i c u l t u r a l Research ( A C 1 -
A R ) , w o r k p l a n s were prepared f o r p igeonpea 
research i n T h a i l a n d and Indones ia and g r o u n d -
n u t research i n Indones ia . A n overa l l po l i cy 
w o r k p l a n was deve loped w i t h the P h i l i p p i n e 
C o u n c i l f o r A g r i c u l t u r e Research and Resource 
D e v e l o p m e n t ( P C A R R D ) f o r coope ra t i on w i t h 
the A G L N f o r g r a i n legume research i n t h a t 
c o u n t r y . 
and harvest o f ch ickpea breed ing ma te r ia l and 
t r ia ls . 
A v i s i t i ng scientist f r o m N G L I P w i t h suppor t 
f r o m I C R I S A T and I D R C spent 4 m o n t h s a t 
N G L I P , R a m p u r , and I C R I S A T Center t o p r o ­
duce a G e r m p l a s m C a t a l o g o f Legumes in 
N e p a l . A n o t h e r scientist f r o m N e p a l spent a 
m o n t h a t I C R I S A T Center t o analyze the da ta 
and w r i t e a repo r t on ch ickpea and p igeonpea 
t r ia ls i n Nepa l . 
A n A g r o c l i m a t o l o g i s t f r o m I C R I S A T Center 
v is i ted M y a n m a r to assist scientists there to p re ­
pare a repo r t on ag roc l ima t i c zones, const ra in ts 
to p r o d u c t i o n , and po ten t i a l p r o d u c t i o n areas 
f o r ch ickpea, p igeonpea, and g r o u n d n u t f o r p u b ­
l i ca t i on i n an I n f o r m a t i o n Bu l l e t i n . 
T w o scientists f r o m the A g r i c u l t u r e Research 
I ns t i t u t e , Y e z i n , M y a n m a r , and a scientist f r o m 
the R e g i o n a l A g r i c u l t u r a l Research C e n t r e , 
Banda rawe la , Sr i L a n k a , spent a week a t I C R I ­
S A T Center v i s i t i ng d i f fe rent legumes research 
p rog rams and discussing coopera t ive research 
act iv i t ies w i t h I C R I S A T scientists. 
Agroclimatic Zonat ion 
D e l i n e a t i o n of agroecolog ica l zones in a spat ia l 
m o d e a l lows f o r a rap id i den t i f i ca t i on of farmers* 
p r o d u c t i o n p rob lems and i t helps researchers to 
f i n d so lu t ions exped i t ious ly . 
A m e t h o d o l o g y f o r ag roc l ima t i c zon ing based 
on the pr inc ip les o f Geograph ic I n f o r m a t i o n 
Sys tem ( G I S ) has been establ ished. I t inc ludes 
the p repa ra t i on o f c o u n t r y / r e g i o n a l maps show­
i ng area and d i s t r i b u t i o n o f c r o p s / c r o p p i n g sys­
tems. The ab io t i c (e.g., l eng th o f g r o w i n g p e r i o d , 
so i l type) and b io t i c (e.g. , diseases, pests) stress 
maps are then super imposed . The ou t come is a 
we l l de f ined agroc l imat i c zona t i on w h i c h can be 
used to fac i l i ta te techno logy deve lopment and its 
t ransfer . 
I C R I S A T i s n o w w o r k i n g w i t h the A s i a n 
N A R S t o m a p ag roc l ima t i c zones i n the A G L N 
count r ies . M a p p i n g w o r k f o r Bangladesh, Peo­
ple's Repub l ic o f Ch ina , I n d i a , Indones ia , M a l a y ­
sia, M y a n m a r , N e p a l , Pak i s t an , the Ph i l i pp ines , 
S r i L a n k a , and T h a i l a n d has been comple ted 
recent ly . 
Consultancy and Visiting Scientists 
An I C R I S A T breeder was posted i n Nepa l f o r 3 
weeks to assist N G L I P i n se lect ion, eva lua t i on , 
T a b l e 1 . A v e r a g e 1 p o d y i e l d 2 , she l l ing p e r c e n t a g e , seed m a s s , o i l c o n t e n t , h a u l m m a s s , a n d cost o f 
c u l t i v a t i o n o f g r o u n d n u t c r o p s a c c o r d i n g t o I C R I S A T a n d s ta te p r a c t i c e s u n d e r i r r i g a t e d c o n d i t i o n s , 
p o s t r a i n y season 1 9 8 8 / 8 9 . 
P a r a m e t e r s 
D r y p o d mass ( t h a - 1 ) 
( r ange ) 
S h e l l i n g percen tage 
( range) 
100-seed mass (g) 
( range ) 
O i l c o n t e n t (%) 
( range ) 
H a u l m mass ( t h a - 1 ) 
( range) 
C o s t o f c u l t i v a t i o n 
( R s ' 000 h a - 1 ) 3 
( range ) 
C u l t i v a t i o n p rac t i ce 
I C R I S A T 
I C R I S A T 
c u l t i v a r 
2.98 
(1 .98 -3 .70 ) 
74 
(70 .3 -78 .1 ) 
548 
(436 -629 ) 
47.3 
(44 .07-52 .14) 
5.6 
(2 .90 -10 .75 ) 
8.9 
(5 .2 -14 .2 ) 
S ta te 
c u l t i v a r 
2.02 
(0 .92 -3 .03 ) 
76 
(72 .4 -81 .2 ) 
476 
( 3 6 8 - 4 7 6 ) 
47.4 
(45 .12 -51 .49 ) 
6.5 
(3 .43 -11 .25 ) 
8.7 
(5 .2 -14 .2 ) 
S ta te 
I C R I S A T 
c u l t i v a r 
2.37 
(1 .24 -3 .44 ) 
74 
(65 .7 -82 .5 ) 
525 
(370 -520 ) 
46.6 
(44 .34 -48 .87 ) 
7.2 
(4 .69 -12 .25 ) 
7.6 
(5 .5 -12 .5 ) 
S ta te 
c u l t i v a r 
1.72 
(1 .09 -2 .60 ) 
75 
(73 .5 -78 .5 ) 
437 
( 3 6 4 - 4 5 8 ) 
47.2 
(44 .03 -50 .45 ) 
5.8 
(3 .85 -10 .75 ) 
7.7 
(4 .8 -12 .5 ) 
1 . A v e r a g e o f 1 1 t r i a l s i n s i x s ta tes : o n e e a c h i n A n d h r a P r a d e s h , G u j a r a t , K a r n a t a k a , a n d O r i s s a ; t h r e e i n M a h a r a s h t r a , a n d 
f o u r i n T a m i l N a d u . 
2 . P l o t s ize 0 .2 h a . 
3. U . S . $ 1 = R s 17. 
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Legumes On-Farm Testing and Nursery 
( L E G O F T E N ) Unit 
T h e L E G O F T E N un i t con t inued t o cooperate 
w i t h agr i cu l tu ra l scientists and extension workers 
i n several states o f I n d i a to compare the I C R I -
S A T pract ices f o r g r o u n d n u t and pulses p roduc-
t i o n w i t h the s ta te- recommended and fa rmers ' 
pract ices. 
Groundnut 
In the 1988/89 pos t ra iny season, 11 g r o u n d n u t 
y ie ld m a x i m i z a t i o n t r ia ls i n A n d h r a Pradesh, 
G u j a r a t , K a r n a t a k a , M a h a r a s h t r a , Orissa, and 
T a m i l N a d u were closely m o n i t o r e d . The y ie ld 
t rends were s im i la r to those repor ted ear l ier 
(Tab le 1). However , the cost of cu l t i va t i on was 
lower t h a n in the t r ia ls l a id ou t d u r i n g the 
prev ious pos t ra iny season. ( I C R I S A T A n n u a l 
Repor t 1988, p. 223). 
The higher yields o f g r o u n d n u t f r o m 1CR1-
SAT- recommended cu l t i va t i on practices came 
f r o m i m p r o v e d variet ies w h i c h responded to 
inpu ts and to changed ag ronomic pract ices 
w h i c h inc luded the raised bed and f u r r o w sys­
tem. We observed better roo t g r o w t h and n o d u -
l a t i o n in p lants g r o w n on raised beds and f u r ­
rows t h a n i n those g r o w n on f la t l and . O the r 
ag ronom ic pract ices inc luded a reduced dose of 
n i t r ogen , use of single superphosphate (SSP) 
fer t i l i zer i n place o f d i a m m o n i u m phosphate i n 
o rder to al leviate su l fur and ca l c ium def ic iency, 
use of gypsum and m ic ronu t r i en ts ( Z n S O 4 as a 
T a b l e 2 . G r a i n y i e l d o f s h o r t - d u r a t i o n p i g e o n p e a I C P L 8 7 i n s o u t h e r n I n d i a a n d I C P L 1 5 1 i n c e n t r a l 
a n d n o r t h e r n I n d i a g r o w n u n d e r r a i n f e d c o n d i t i o n s , r a i n y s e a s o n 1 9 8 8 . 
Sta te a n d 
l o c a t i o n s 
A n d h r a P r a d e s h 
T a n g a d e n c h a 
G u j a r a t 
H a t h r o l 
K a r n a t a k a 
D e v i h o s u r 
G a n g a v a t i 
G u l a d h a l l i 
M a d h y a P r a d e s h 
N a r s i n g h p u r 
B h i k e n g a o n 
M a h a r a s h t r a 
A m r a o t i 
L a t u r 
S h i r l a 
O r i s sa 
S u k i n d a 
P h u l b a n i 
R a j a s t h a n 
B h a r a t p u r 
T a m i l N a d u 
D a n i s h p e t 
A t h y a n t h a l 
M e a n 
Y i e l d ( t h a 1 ) 
I C R I S A T p rac t i ce 
I C R l S A T S ta te 
v a r i e t y v a r i e t y 
1.32 -2 
0.78 
1.31 
2.37 
1.59 
1.62 
1.77 
2.03 
1.34 
3.48 
0.57 
2 .42 
0.70 
1.62 
1.27 
1.61 
S ta te p rac t i ce 
I C R I S A T 
v a r i e t y 
■ 
1.60 
0.46 
0.52 
0.86 
S ta te 
v a r i e t y 
0 . 1 2 
0 .61 
1.43 
0.30 
0.61 
N u m b e r o f 
harves ts 
o f I C R I S A T 
var ie t ies 
2 
1 
2 
2 
1 
1 
1 
2 
3 
3 
1 
2 
1 
1 
1 
D i s t r i c t 
average 
y i e l d 
( t ha - 1 ) 1 
0.11 
0.33 
0 .57 
0 .24 
0 .24 
1.71 
0 .50 
0 .82 
0 .19 
0.68 
0 .54 
0 .66 
0.33 
0 .72 
0 .64 
0.55 
1 . S o u r c e : A g r i c u l t u r e s i t u a t i o n i n I n d i a , 1988 . 
2 . P r a c t i c e o r v a r i e t y n o t t e s t e d . 
Pigeonpea 
S h o r t - d u r a t i o n cu l t i va rs . A t o t a l o f 44 t r ia ls 
was p lanned in 11 states o f I n d i a ( I C R I S A T 
A n n u a l R e p o r t 1988, p . 225). Of these t r i a l s , 12 
were chosen f o r close m o n i t o r i n g . La te r , three 
m o r e t r ia ls were i nc l uded because o f the i r easy 
accessibi l i ty (Tab le 2). 
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basal dose and FeSO 4 as a f o l i a r spray) , c o n -
t r o l l e d i r r i g a t i o n , and p rope r p lan t p r o t e c t i o n 
measures. O n - f a r m t r ia ls conduc ted by ex ten -
s ion wo rke rs and exper iments conduc ted by 
scientists us ing these recommended pract ices 
cons is tent ly gave h igher g r o u n d n u t y ie lds t h a n 
exper imen ts i n w h i c h r e c o m m e n d e d pract ices 
were n o t used. 
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T h e p igeonpea cu l t i vars I C P L 87 ( 'Pragat i ' 
used in sou the rn I n d i a ) and I C P L 151 ( ' Jagr i t i ' 
used in cent ra l and n o r t h e r n Ind ia ) were g r o w n 
at these sites us ing th ree d i f f e ren t op t i ons : 
(1) I C R I S A T var ie ty w i t h I C R 1 S A T pract ice, 
(2) I C R I S A T var ie ty w i t h I C R I S A T practice 
and I C R I S A T var ie ty w i t h state pract ice, and 
(3) I C R I S A T var ie ty w i t h I C R I S A T practice 
and state var ie ty w i t h state pract ice. These var i -
eties gave substant ia l l y h igher yields than other 
c o m m o n c u l t i v a r s — B D N 2 g r o w n in Gu jara t , 
L R G 3 0 g r o w n i n A n d h r a Pradesh, and U P A S 
20 g r o w n in Rajasthan and Orissa (Tab le 2). 
Because of its ab i l i t y to p roduce three flushes of 
f lowers , I C P L 87 pe r fo rmed we l l even when the 
f i rs t f lush was destroyed by heavy rains at 
A m r a o t i and by insects a t Tangadencha. Unde r 
good management—close spacing, p roper d r a i n ­
age, and p ro tec t ion f r o m p e s t s — I C P L 87 gave 
h igh yields. 
Extra-short-duration lines. A set of ex t ra-shor t -
d u r a t i o n ( E S D ) pigeonpea cu l t ivars was tested 
in seven states (Tab le 3) to s tudy the i r pe r fo r -
T a b l e 3 . G r a i n y i e l d o f e x t r a - s h o r t - d u r a t i o n p i g e o n p e a c r o p s a t 1 4 l o c a t i o n s i n seven states o f I n d i a , 
p o s t r a i n y s e a s o n 1 9 8 8 / 8 9 . 
Sta te a n d 
l o c a t i o n s 
A n d h r a P r a d e s h 
T a n g a d e n c h a 
G u j a r a t 
N a d i a d 
K a r n a t a k a 
D e v i h o s u r 
T a m i l N a d u 
S h i v a l i n g a p a t t i 
K o t t u r 
R a j a d a n i 
T a p p a k u n d i 
K a m a t c h i p u r a m 
M a h a r a s h t r a 
P a r b h a n i 
R i d a j 
N i w a l i 
B h o g a o n 
O r i s s a 
S a k h i g o p a l 
M a d h y a P r a d e s h 
B h i k e n g a o n 
M e a n 
S o w i n g 
da te 
13 J a n 
18 J a n 
23 J a n 
24 D e c 
18 J a n 
29 Dec 
3 Jan 
19 J a n 
22 D e c 
20 J a n 
6 F e b 
29 Jan 
10 J a n 
8 J a n 
Y i e l d ( t ha - 1 ) 
I C P L 
85014 
0.74 
0.80 
0.52 
0.98 
0.94 
0.95 
0.96 
0.64 
0.60 
1.00 
0.65 
0.60 
0.63 
0.77 
I C P L 
85030 
-1 
0.85 
1.03 
0.77 
0.60 
0.81 
I C P L 
84023 
1.00 
0 .92 
0.58 
0.83 
I C P L 
85010 
1.33 
0.63 
0.28 
0.75 
I C P L 
151 
( J a g r i t i ) 
0 .67 
1.05 
0.48 
0 .33 
0.63 
1. - = V a r i e t i e s n o t t e s t e d . 
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mance in the of f -season, (December -Feb rua ry ) 
sowings w i t h i r r i g a t i o n . T h e cu l t i va rs tested 
were I C P L s 151, 84023, 85010, 85014, and 
85030. These cu l t i va rs m a t u r e d in abou t 90 -100 
days af ter s o w i n g ( D A S ) and p e r f o r m e d we l l a t 
several l oca t i ons (Tab le 3). H o w e v e r , at a few 
loca t ions where they were s o w n ear ly wh i l e 
tempera tu res were s t i l l l o w , they d i d no t g r o w o r 
y ie ld we l l ( P a r b h a n i i n pen insu la r I n d i a and 
B h i k e n g a o n i n n o r t h cen t ra l I nd i a ) . The o p t i ­
m u m date f o r sow ing of f -season p igeonpea 
appears to be d u r i n g second to t h i r d week o f 
J a n u a r y i n pen insu la r I n d i a and the f o u r t h week 
o f J a n u a r y i n n o r t h cen t ra l I n d i a . I n A n d h r a 
Pradesh , G u j a r a t , and Or issa the E S D p igeon-
pea cu l t i vars also pe r fo rmed we l l in the Janua ry 
sow ing . I n T a m i l N a d u (sou thern I nd i a ) , where 
tempera tu res are h igher , they d i d we l l a t a l l sow­
i ng dates f r o m 25 Dec to 19 J a n . 
Chickpea 
O u t of a t o t a l o f 43 i r r i ga ted and 33 non i r r i ga ted 
o n - f a r m t r ia ls d u r i n g the 1988/89 pos t ra iny sea­
son , 19 i r r i ga ted and eight non i r r i ga ted t r ia ls 
were closely m o n i t o r e d by L E G O F T E N and 
D e p a r t m e n t o f A g r i c u l t u r e . B o t h i m p r o v e d (desi 
I C C C 37, I C C C 42 ; k a b u l i I C C V 6 , I C C V 5 o r 
I C C V 2 ) and c o m m o n ( A n n i g e r i , I C C C 4 , U j j a i n 
2 1 , JG 315, C h a f a , B D N 9-3, Phu le G-5, H 208, 
C 235, K 850) ch ickpea var iet ies showed a h i g h 
y i e l d p o t e n t i a l o f up to 3.7 t h a - 1 w i t h g o o d 
managemen t and i r r i g a t i o n (Tab le 4). The o n l y 
E S D k a b u l i va r ie ty I C C V 2 , g r o w n o n res idual 
m o i s t u r e , y ie lded up to 1.7 t h a - 1 (Tab le 5). I ts 
y ie ld was abou t 3 0 % h igher t h a n those o f the 
c o m m o n l o n g - d u r a t i o n var iet ies g r o w n under 
s im i la r s i tua t ions . I C C V 2 m a t u r e d in about 70 
days i n T a m i l N a d u . Howeve r , i t requ i red 92 -110 
days to m a t u r e i n M a d h y a Pradesh, Or issa, and 
U t t a r Pradesh. These m a t u r i t y per iods were s t i l l 
shor te r by 11-30 days t h a n those o f c o m m o n l y 
g r o w n cu l t i vars . 
Technology Transfer 
As a resul t o f c o n d u c t i n g adapt ive research and 
o n - f a r m t r ia ls , i m p o r t a n t const ra in ts to the 
a d o p t i o n of techno logy by fa rmers such as the 
d i f f i c u l t y o f p repa r ing raised beds and f u r r o w s 
were u n d e r s t o o d . F i n d i n g so lu t ions to these 
cons t ra in ts coup led w i t h systemat ic ef for ts by 
g o v e r n m e n t agencies and fa rmers to car ry o u t 
large-scale m u l t i p l i c a t i o n and d i s t r i b u t i o n o f 
seed o f i m p r o v e d var iet ies and to demonst ra te 
the effectiveness o f new componen ts o f the tech­
n o l o g y has resul ted in r ap id a d o p t i o n o f th is 
i m p r o v e d techno logy i n m a n y areas. T h e ac t i v i ­
ties o f the D e p a r t m e n t o f A g r i c u l t u r e , P a r b h a n i 
d i s t r i c t ( M a h a r a s h t r a ) , i n the t ransfer o f g r o u n d -
n u t t echno logy d u r i n g the past 3 years are l is ted 
in Tab le 6 . 
T a b l e 4 . G r a i n y i e l d a n d cost o f c u l t i v a t i o n o f t h e I C R I S A T / D e p a r t m e n t o f A g r i c u l t u r e - m o n i t o r e d , 
i r r i g a t e d c h i c k p e a t r i a l s a t d i f f e r e n t l o c a t i o n s i n I n d i a , p o s t r a i n y s e a s o n 1 9 8 8 / 8 9 . 
S t a t e / l o c a t i o n s 
A n d h r a P r a d e s h 
T a n g a d e n c h a 
l C R I S A T package 
I C R I S A T v a r i e t y 
Y i e l d C o s t 
( t ha - 1 ) ( R s ' 0 0 0 h a - 1 ) 
1.55 7.2 
S ta te v a r i e t y 
Y i e l d 
( t h a - 1 ) 
1.28 
C o s t 
( R s ' 000 h a - 1 ) 
7.5 
S ta te package 
I C R I S A T v a r i e t y 
Y i e l d 
( t ha - 1 ) 
1.09 
C o s t 
( R s ' 0 0 0 h a - 1 ) 
6.2 
S ta te v a r i e t y 
Y i e l d 
( t ha - 1 ) 
1.09 
Cos t 
( R s ' 000 h a - 1 ) 
6.0 
Continued 
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T a b l e 4 . Continued. 
S t a t e / l o c a t i o n s 
G u j a r a t 
H a t h r o l 
K a r n a t a k a 
G a n g a v a t i 
M a d h y a P r a d e s h 
B h i k e n g a o n 
N a r s i n g h p u r 
M a h a r a s h t r a 
C h a k u r 
P a r b h a n i 
P o k h a r n i 
B o r i 
N i w a l i I 
N i w a l i I I 
N i w a l i I I I 
J i n t u r 
R i d a j 
G a n g a k h e d 
H i n g o l i 
O r i ssa 
K e o n j h a r 
R a j a s t h a n 1 
A j m e r 
U t t a r P radesh 
A m a r o k h 
M e a n 
I C R I S A T package 
I C R I S A T va r i e t y 
Y i e l d 
( t ha - 1 ) 
1.43 
0.92 
0.81 
1.61 
1.36 
1.75 
1.62 
2.95 
0.85 
3.70 
2.50 
2.95 
3.50 
2.85 
1.50 
1.73 
0.44 
1.59 
1.87 
Cos t 
( R s '000 ha - 1 ) 
3.8 
4.2 
6.0 
4.6 
4.7 
9.3 
4.4 
4.7 
4.0 
4.7 
4.7 
4.1 
6.0 
4.5 
7.0 
5.9 
-2 
3.9 
5.2 
State va r ie ty 
Y ie l d 
(t ha - 1 ) 
1.70 
1.27 
0.86 
1.71 
1.77 
1.70 
1.25 
2.81 
0.78 
3.60 
2.41 
2.46 
2.80 
2.50 
1.21 
1.11 
0.23 
1.51 
1.73 
Cost 
( R s ' 000 ha - 1 ) 
3.7 
4.2 
5.1 
4.7 
4.7 
9.3 
4 .4 
4.7 
4 .0 
4.7 
4.7 
4.1 
6.0 
4.5 
7.0 
5.9 
-
3.7 
5.2 
Sta te package 
I C R I S A T va r i e t y 
Y i e l d 
( t ha - 1 ) 
1.22 
1.27 
0.78 
1.34 
1.45 
1.68 
1.20 
2.20 
0.76 
2.96 
2.31 
2.37 
2.24 
2.50 
1.10 
0.99 
0.11 
1.59 
1.53 
Cos t 
(Rs '000 ha - 1 ) 
3.5 
4.3 
4.1 
3.8 
3.6 
7.7 
3.9 
4.2 
3.6 
3.6 
4.2 
3.5 
4 .4 
3.5 
5.2 
5.1 
-
2.6 
4.3 
Sta te va r i e t y 
Y i e l d 
( t ha - 1 ) 
1.44 
1.46 
0.80 
1.27 
2.32 
1.66 
1.08 
2.95 
0.70 
3.11 
2.04 
1.86 
1.40 
2.42 
0.73 
0.45 
0.11 
1 3 7 
1 . 4 9 
Cos t 
( R s ' 000 ha - 1 ) 
3.3 
4.3 
3.8 
3.9 
3.6 
7.7 
3.9 
4 .2 
3.6 
3.6 
4.2 
3.5 
4 .4 
3.5 
5.2 
5.1 
-
2.4 
4 .2 
T w o - w a y comparison of average yields ( t h a - 1 ) : 
V a r i e t y 
I C R I S A T 
S ta te 
M e a n y i e l d 
Increase due to package (%) 
C u l t i v a t i o n package 
I C R I S A T Sta te 
1.87 1.53 
1.73 1.49 
1.80 1.51 
19.4 
M e a n 
1.70 
1.61 
Increase 
due to va r i e t y (%) 
5.8 
1 . D a m a g e d b y f r o s t . 
2 . D a t a n o t r e c e i v e d . 
C o o p e r a t i v e Cereals Research 
N e t w o r k ( C C R N ) 
T h e C C R N was s tar ted a t I C R I S A T Center t o 
w o r k t o w a r d s p r o v i d i n g suppor t t o na t i ona l 
p rog rams . T h r o u g h th is n e t w o r k we organize 
i n t e r n a t i o n a l s o r g h u m t r ia ls and nurseries to 
p r o v i d e the N A R S s i n A s i a , A f r i c a , and C e n t r a l 
A m e r i c a access t o i m p r o v e d cu l t i va rs i n the 
w o r l d f o r t he i r use i n b reed ing p r o g r a m s and the 
u l t i m a t e t ransfer to fa rmers . We also evaluate 
el i te ma te r i a l o r i g i na t i ng f r o m the N A R S s over a 
w ide range o f ag roc l imat i c cond i t i ons . 
A t present i n As ia , the act iv i t ies i nvo l ve 
exchange o f genetic m a t e r i a l , sc ient i f ic v is i ts , 
j o i n t eva lua t ion o f t r ia ls and nurser ies, and t r a i n -
i n g . We sha l l f u r t h e r in tens i fy the o n g o i n g ac t i v -
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T a b l e 5 . G r a i n y i e l d a n d cost o f c u l t i v a t i o n i n t h e I C R I S A T / D e p a r t m e n t o f A g r i c u l t u r e - m o n i t o r e d , 
n o n i r r i g a t e d c h i c k p e a t r i a l s a t d i f f e r e n t l o c a t i o n s i n I n d i a , p o s t r a i n y s e a s o n 1 9 8 8 / 8 9 . 
S t a t e / l o c a t i o n s 
A n d h r a P r a d e s h 
T a n g a d e n c h a 
K a r n a t a k a 
G a n g a v a t i 
M a d h y a P r a d e s h 
B h i k e n g a o n 
N a r s i n g h p u r 
M a h a r a s h t r a 
C h a k u r 
S a w a r k h e d 
Or i ssa 
K e o n j h a r 
U t t a r P r a d e s h 
A m a r o k h 
M e a n 
I C R I S A T package 
I C R I S A T v a r i e t y 
Y i e l d 
( t ha - 1 ) 
0.82 
1.31 
1.38 
1.62 
0.91 
1.04 
1.01 
1.75 
1.23 
C o s t 
( R s ' 0 0 0 h a - 1 ) 
5.1 
3.7 
3.9 
3.5 
4.9 
3.6 
5.5 
2.3 
4 .1 
S ta te v a r i e t y 
Y i e l d 
( t h a - 1 ) 
0 .20 
1.36 
0.95 
1.52 
1.03 
0.95 
0.73 
0 .87 
0.95 
C o s t 
( R s ' 0 0 0 h a - 1 ) 
4 .9 
3.7 
3.7 
3.5 
4 .9 
3.6 
5.5 
2.6 
4 .0 
S ta te package 
I C R I S A T v a r i e t y 
Y i e l d 
( t h a - 1 ) 
1.62 
1.26 
1.19 
1.02 
0.48 
0.73 
0.82 
1.38 
1.06 
C o s t 
( R s ' 0 0 0 h a - 1 ) 
5.1 
3.7 
3.2 
3.4 
3.5 
3.2 
4.8 
2.5 
3.7 
S ta te v a r i e t y 
Y i e l d 
( t h a - 1 ) 
0 .76 
0 .62 
0 .84 
1.19 
0.75 
0 .86 
0.58 
0 .82 
0 .80 
C o s t 
( R s ' 000 h a - 1 ) 
4.3 
3.7 
3.2 
3.5 
3.5 
3 .2 
4.8 
2.3 
3.6 
T w o - w a y compar ison of average yields ( t h a - 1 ) : 
V a r i e t y 
I C R I S A T 
Sta te 
M e a n yield 
Inc rease d u e t o p a c k a g e (%) 
C u l t i v a t i o n package 
I C R I S A T Sta te 
1.23 1.06 
0.95 0.80 
1.09 0.93 
17.1 
M e a n 
1.15 
0.88 
Increase 
d u e t o v a r i e t y (%) 
30.5 
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i t y t h r o u g h bet ter i den t i f i ca t i on o f so rghum 
p r o d u c t i o n const ra in ts i n d i f fe ren t na t ions , j o i n t 
research p r o g r a m s a m o n g i ns t i t u t i ons , in te r -
c o u n t r y i n te rac t i on t h r o u g h w o r k s h o p s , and 
organ iz ing m o n i t o r i n g tours o f f ie ld exper iments. 
D u r i n g 1989, we sent i n t e rna t i ona l s o r g h u m 
t r ia ls and nurseries to 38 locat ions in As ia , 
A f r i c a , and Cen t ra l A m e r i c a . W e j o i n t l y eva l ­
ua ted , w i t h the N A R S s scientists, a n u m b e r o f 
these t r ia ls and nurseries. In As ia , mos t o f the 
test entr ies were unsui tab le because they were 
ta l l and late. 
We p l a n to character ize s o r g h u m test l oca ­
t ions e n v i r o n m e n t i n A s i a , A f r i c a , and Cen t ra l 
A m e r i c a to i m p r o v e the effectiveness o f i n te rna ­
t i o n a l t r ia ls and nurser ies. We also p l a n to send 
usefu l test ma te r ia l to A s i a n count r ies . 
f r o m 1 1 n a t i o n a l p rog rams , I N S A H , C I L S S , 
S A F G R A D , and I C R I S A T ) fo rmal ized the West 
and Cen t ra l A f r i c a n M i l l e t Research N e t w o r k . 
A steer ing commi t t ee , cons is t ing of six represen­
tat ives o f the N A R S (elected by the pa r t i c i ­
pants) , a c o o r d i n a t o r f r o m I C R I S A T , and three 
observers ( f r o m I C R I S A T , S A F G R A D , and 
I N S A H / C I L S S ) was establ ished. 
The par t i c ipan ts ou t l i ned the objectives o f the 
n e t w o r k , and responsib i l i t ies o f the steer ing 
commi t t ee . The f i rst meet ing o f the commi t tee 
was he ld at I S C f r o m 12 to 15 December. T h e 
c o m m i t t e e w o r k e d on the p repara t i on o f the 
d o c u m e n t , a deta i led quest ionnai re to e l ic i t 
i n f o r m a t i o n on const ra in ts to p r o d u c t i o n , staff , 
and fac i l i t ies avai lable fo r mi l le t imp rovemen t 
research in the member countr ies. 
Eastern Af r ica Regional Cereals and 
Legumes ( E A R C A L ) P r o g r a m 
I C R I S A T p laced a p i g e o n p e a a g r o n o m i s t / 
breeder i n its E A R C A L P rog ram i n N a i r o b i , 
K e n y a , i n order t o s t rengthen the N a t i o n a l A g r i -
West and Centra l A f r i c a n M i l l e t 
Research N e t w o r k 
D u r i n g the Reg iona l Pear l M i l l e t I m p r o v e m e n t 
W o r k s h o p held at I S C , Sadore , f r o m 4 to 7 
September , the pa r t i c ipan ts (47 par t i c ipan ts 
T a b l e 6 . A c t i v i t i e s o f t h e D e p a r t m e n t o f A g r i c u l t u r e i n t h e t r a n s f e r o f g r o u n d n u t t e c h n o l o g y i n 
P a r b h a n i d i s t r i c t , M a h a r a s h t r a , I n d i a , 1 9 8 7 - 1 9 8 9 1 . 
A c t i v i t y 
T r a i n i n g 
E x t e n s i o n 
D e m o n s t r a t i o n s 
P i l o t p ro jec ts 
T a r g e t 
g r o u p 
E x t e n s i o n 
w o r k e r s 
F a r m e r s 
F a r m e r s 
M e t h o d 
C l a s s r o o m lectures 
Prac t i ca l s 
T r a i n i n g classes 
F i e l d days a n d g r o u p d iscuss ions 
E x h i b i t i o n s 
R a d i o ta l ks 
T V 
S l ide a n d v i d e o casettes 
P a m p h l e t s 
News le t te rs a n d p o p u l a r a r t i c les 
1987 /88 
4 4 
11 
3 
7 
1 
-
-
-
5000 
19 
7 
-
1988 /89 
36 
23 
-2 
2 2 
3 
2 
1 
2 
10 000 
11 
24 
22 
1 9 8 9 / 9 0 
8 
2 6 
. 
19 
1 
-
-
2 
-
-
15 
25 
1 . S o u r c e : D e p a r t m e n t o f A g r i c u l t u r e , T r a i n i n g a n d V i s i t S y s t e m , P a r b h a n i d i s t r i c t . 
2 . - = A c t i v i t i e s n o t c o n s i d e r e d necessa ry s e e i n g t h e a u t o m a t i c t e c h n o l o g y a d o p t i o n . 
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c u l t u r a l Research Sys tem ( N A R S ) and the re­
g i o n a l e f fo r ts o f p igeonpea i m p r o v e m e n t and 
deve lopmen t f o r f o o d , f odde r , and f u e l w o o d 
p r o d u c t i o n . 
I n assoc ia t ion w i t h K e n y a A g r i c u l t u r a l R e ­
search Ins t i tu te ( K A R I ) , we s tud ied the p r o d u c ­
t i o n systems in m a j o r p igeonpea-g row ing d is ­
t r i c ts o f eastern and coas ta l p rov inces o f K e n y a 
at the end of September . We v is i ted 21 fa rmers 
and the i r f ie lds where p igeonpea had ma tu red 
and was be ing harvested. We co l lected ma tu re 
p o d samples f o r assessment o f pest damage. 
Excep t in t w o cases, the c r o p was no t sprayed 
w i t h insect ic ides. A l l fa rmers expressed the o p i n ­
i o n t ha t insect pests ( p o d - s u c k i n g bugs, p o d f l y 
and p o d borers) and mo i s t u re stress ( i n t e r m i t ­
ten t and t e r m i n a l ) were the m a j o r cons t ra in ts 
and tha t m a r k e t i n g was no t a cons t ra in t . A l l 
i nd i ca ted interest i n s h o r t - d u r a t i o n ( 5 - 6 m o n t h s 
m a t u r i t y , c o m p a r e d w i t h l oca l landraces o f 10-
m o n t h d u r a t i o n ) p igeonpea b u t were concerned 
a b o u t enhanced pest damage. In the pod samples 
co l l ec ted f r o m land races , we observed seed 
damage o f 15 -50%, p r e d o m i n a n t l y b y p o d -
s u c k i n g bugs, f o l l o w e d by p o d f l y . I n the loca l 
system, p igeonpea is sown in O c t o b e r - N o v e m b e r 
in f u r r o w s opened by o x e n - d r a w n p lows and is 
g r o w n as an i n te rc rop w i t h maize, beans, cow-
pea, m u n g bean , and in some cases, cassava, 
s o r g h u m , and mi l le ts . La rge -podded and w h i t e -
seeded l o n g - d u r a t i o n landraces are c o m m o n l y 
g r o w n in M a c h a k o s d i s t r i c t , whereas wh i te seeds 
w i t h b r o w n m o t t l i n g are c o m m o n i n E m b u and 
M e r u d is t r i c ts . Even t h o u g h there are some d h a l 
m i l l s ( t o make spl i t peas) in N a i r o b i , the bu l k o f 
p igeonpea is consumed as a green vegetable and 
c o o k e d as d r y who le g ra i n . D r y stalks are used as 
f u e l w o o d and tha tch ma te r i a l . 
I n N o v e m b e r , a scient ist f r o m K A R I was 
t r a i ned a t l C R I S A T Cente r f o r 6 weeks, i n p r o ­
cessing me thods and p r e p a r i n g new p igeonpea 
dishes. 
Mee t ings w i t h N A R S scientists i n K e n y a , 
E t h i o p i a , and Sudan were held to i den t i f y areas 
o f co l l abo ra t i ve research and t r a i n i n g needs. 
I n te r -Cen te r c o l l a b o r a t i o n was developed w i t h 
the I n t e r n a t i o n a l L i ves tock Cent re f o r A f r i c a 
( I L C A ) . 
Workplans and Collaborative Activities 
W o r k p l a n s g i v i n g detai ls o f the S A D C C / 1 C R I -
S A T reg iona l p r o g r a m act iv i t ies were discussed 
and agreed u p o n d u r i n g the annua l reg iona l 
w o r k s h o p b y a l l pa r t i c ipan ts . A m o n g w o r k p l a n s 
app roved f o r the 1989-90 season are: 
1 . To estab l ish basic S o r g h u m and M i l l e t s I m ­
p rovemen t P r o g r a m ( S M I P ) t r ia ls t o evaluate 
i n t r o d u c t i o n s , seg rega t i ng m a t e r i a l s a n d 
advance-genera t ion breeding s tock, and to 
co l lect and character ize ge rmp lasm. 
2 . To set up co l l abo ra t i ve nurseries and t r ia ls 
i n c l u d i n g entr ies ident i f ied and submi t ted by 
b o t h na t i ona l and reg iona l p rog rams . There 
w i l l no t be m o r e t h a n 30 entr ies w h i c h w i l l be 
in advance or el i te stages wh i le p rov is ions of 
nurser ies w o u l d be p r o v i d e d as requested by 
n a t i o n a l p rog rams . The na tu re and poss ib i l i ­
t ies f o r specif ic co l l abo ra t i ve pro jects and 
a c t i v i t i e s w i t h i n d i v i d u a l c o u n t r i e s are 
i nc luded . 
3 . To set up nurseries and t r ia ls to evaluate 
resistance to leaf and head diseases, and shoot 
pests o f s o r g h u m and mi l le ts , tha t have been 
f o u n d i m p o r t a n t i n the reg ion . 
4 . To deve lop the ab i l i t y t o p roduce na t i ona l l y 
and reg iona l l y deve loped hyb r i ds i n re la t i on 
to seed-set and ergot inc idence. 
5 . To conduc t ma rke t analysis research e x a m i n ­
i ng fac to rs i n f l uenc ing decisions to g r o w 
a l te rna t i ve course grains and to u t i l i ze sor­
g h u m and m i l l e t b o t h on the f a r m and by 
ag r i cu l t u ra l indust r ies. Th is includes an ana l ­
ysis o f p r i c i n g p rob lems u n d e r l y i n g the b u i l d ­
up o f s o r g h u m and mi l le t stocks. 
6 . To deve lop techn ica l and l a b o r a t o r y suppo r t 
and backup services f o r s o r g h u m u t i l i za t i on 
pro jects in specif ic count r ies (Bo tswana and 
Z a m b i a ) i n the reg ion . 
7. To assess progress made and to develop 
f u t u re p lans f o r t r a i n i ng . 
Reg iona l S o r g h u m and Mi l l e ts 
I m p r o v e m e n t P r o g r a m for 
Southern A f r i c a 
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8 . To p lan m o n i t o r i n g tou rs and workshops d u r -
i n g 1990. 
In 1989, we par t i c ipa ted in na t i ona l c rop 
p l a n n i n g meet ings in several countr ies inc lud ing 
Bo tswana , Tanzan ia , Z a m b i a , and Z i m b a b w e . 
D u r i n g the year, S A D C C / l C R I S A T reg iona l 
p r o g r a m scientists t raveled w i t h the na t iona l 
scient ists in n ine count r ies at d i f fe ren t t imes to 
m o n i t o r , evaluate, select, and appraise na t iona l 
a n d reg i ona l c o l l a b o r a t i v e act iv i t ies . F u t u r e 
course of ac t ion in each case was discussed. 
Appraisal of Processing and Util ization of 
Sorghum and Mil lets in S A D C C 
T h e S A D C C / I C R I S A T Economics P r o g r a m i s 
p u r s u i n g a series of co l labora t i ve invest igat ions 
w i t h scientists t h r o u g h o u t the S A D C C reg ion. 
These inc lude suppor t f o r a na t iona l reconnais­
sance o f s o r g h u m and m i l l e t m a r k e t i n g and u t i l i ­
za t i on const ra in ts in Tanzan ia . Th is is being 
used to def ine a j o i n t p r o g r a m of research w i t h 
the Soko ine Un ive rs i t y o f A g r i c u l t u r e e x a m i n ­
i n g op t i ons to expand s o r g h u m and mi l le t t rade 
and i ndus t r i a l use. In Leso tho , we are w o r k i n g 
w i t h the M a r k e t i n g and Research D iv i s ions o f 
the M i n i s t r y o f A g r i c u l t u r e on an inves t iga t ion 
o f fac tors e x p l a i n i n g the dom inance o f maize i n 
the semi-ar id regions and the po ten t ia l demand 
f o r a s o r g h u m dehul ler . In Z a m b i a , we w o r k e d 
w i t h the N a t i o n a l C o m m i s s i o n o f D e v e l o p m e n t 
P l a n n i n g , N a t i o n a l C o u n c i l f o r Scient i f ic Re­
search and Un ive rs i t y o f Z a m b i a on a s tudy o f 
o p t i o n s to expand s o r g h u m and m i l l e t use in 
b a k i n g , b r e w i n g , and stockfeed industr ies. A 
s im i la r s tudy is underway w i t h the M i n i s t r y o f 
A g r i c u l t u r e i n Z i m b a b w e . Th is b road l y e x a m ­
ines the d y n a m i c compara t i ve advantage o f 
so rghum and mi l le t . 
F i n a l l y , the Economics p r o g r a m is co l l abora t ­
i n g w i t h the Un ive rs i t y o f Z i m b a b w e on a s tudy 
o f a l te rna t ive means to expand course g ra in 
t rade as a means to i m p r o v e f o o d secur i ty in the 
c o u n t r y ' s semi -a r id reg ions . T h e c u m u l a t i v e 
results f r o m such c o l l a b o r a t i o n w i l l be presented 
at a series of f u tu re reg iona l conferences. 
C o n f e r e n c e s / W o r k s h o p s / 
M e e t i n g s 
In ternat iona l Workshops 
Workshop on Chickpea in the Nineties 
The second I n t e r n a t i o n a l W o r k s h o p on C h i c k -
pea I m p r o v e m e n t was he ld a t I C R I S A T Center , 
f r o m 4 to 8 December. The W o r k s h o p , cal led 
Ch i ckpea in the Ninet ies , was organ ized by the 
I n t e r n a t i o n a l Center fo r A g r i c u l t u r a l Research 
i n the D r y Areas ( I C A R D A ) and I C R I S A T . 
T h e W o r k s h o p ' s object ives were to s u m m a r ­
ize the present status of ch ickpea p r o d u c t i o n and 
u t i l i z a t i o n ; to review progress since the prev ious 
w o r k s h o p he ld in 1979; to pro ject goals f o r p r o ­
d u c t i o n and use o f ch ickpea; to ident i fy c o n ­
s t ra in ts , and research needed to overcome these 
cons t ra in ts ; to recommend and develop co l l ab ­
o ra t i ve research proposals based on these p r i o r ­
i t ies; and to suggest the resources and t r a i n i n g 
requ i red to effect these proposals. 
C o n t r i b u t i o n s f r o m 142 delegates f r o m 29 
count r ies generated l ive ly discussions on a w i d e 
va r ie ty of research topics. The delegates agreed 
on the approaches needed to b r ing about a sus­
ta ined and substant ia l increase in ch ickpea p r o ­
d u c t i o n i n the w o r l d and p rov ided valuable g u i ­
dance t o I C R I S A T and I C A R D A fo r the i r 
f u tu re ch ickpea p rog rams. I t was agreed tha t 
ch ickpea p r o d u c t i o n was l i ke ly t o move f r o m 
t r a d i t i o n a l areas o f l o w p r o d u c t i v i t y to areas o f 
h igher po ten t i a l where farmers were w i l l i n g to 
a d o p t m o d e r n technologies and use higher levels 
o f management ski l ls. 
Second Peanut Stripe Virus Coordinators' 
Meet ing 
T h i r t y - n i n e p lan t v i ro log is ts gathered a t I C R I -
S A T Center f r o m 1 to 4 Augus t to discuss viruses 
tha t a t tack the g r o u n d n u t c rop . These specialists 
came f r o m Aus t ra l i a , Canada , France, I n d i a , 
I n d o n e s i a , J a p a n , the People 's R e p u b l i c o f 
C h i n a , the Ph i l i pp ines , T h a i l a n d , U K , and U S A . 
T h e m a i n ob jec t ive o f the meet ing was to d is -
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cuss research on peanut s t r ipe v i rus ( P S t V ) , the 
mos t economica l l y d a m a g i n g v i rus o f g r o u n d n u t 
in s o u t h and southeast A s i a . A m a j o r conce rn o f 
the pa r t i c i pan ts was to m i n i m i z e the r isk o f 
spread o f th is and o ther viruses o f g r o u n d n u t 
f r o m count r ies k n o w n t o h a r b o r these v i ruses, 
i n t o others where they are no t yet establ ished. 
V ig i l an t checks on ge rmp lasm exchange are 
essential. There fo re p lan t qua ran t i ne of f ic ia ls o f 
the N a t i o n a l B o a r d o f P lan t Genet ic Resources 
( N B P G R ) o f the I n d i a n C o u n c i l o f A g r i c u l t u r a l 
R e s e a r c h ( I C A R ) a l so p a r t i c i p a t e d i n t h e 
meet ing . 
Aspects discussed inc luded i den t i f i ca t i on o f 
isolates o f P S t V , p r o d u c t i o n o f specif ic a n t i ­
bodies to i den t i f y P S t V isolates, screening o f 
g e r m p l a s m f o r resistance, to le rance, and n o n -
seed t ransmiss ion , and f u r t h e r re f inements to the 
es t ima t i on o f y ie ld losses due to P S t V . I t was 
also dec ided tha t g e r m p l a s m screening, cu r ­
ren t l y be ing car r ied ou t i n I ndones ia w i t h f i n a n ­
c ia l assistance f r o m the A u s t r a l i a n Cent re f o r 
I n t e r n a t i o n a l A g r i c u l t u r a l Research ( A C I A R ) 
and 1 C R I S A T , w i l l be c o n t i n u e d . 
T h e mee t i ng recommended procedures t o i n ­
vest igate ep idem io logy and those to be f o l l o w e d 
fo r ma in tenance and d i s t r i b u t i o n o f ge rmp lasm 
free f r o m seedborne g r o u n d n u t v i ruses. P a r t i c i ­
pants also recommended extensive screening o f 
w i l d Arachis species and in terspec i f ic de r i va ­
t ives to locate resistance to the v i rus and i den t i f i ­
ca t i on o f genotypes tha t do n o t t r ansm i t P S t V 
t h r o u g h the seed. 
T h e mee t ing was cosponsored b y A C I A R , 
Peanut C o l l a b o r a t i v e Research S u p p o r t P r o ­
g r a m (Peanu t C R S P ) o f U S A , the F o o d and 
A g r i c u l t u r a l O r g a n i z a t i o n o f the U n i t e d Na t i ons 
( F A O ) , and I C R I S A T . 
Meet ing to Explore Diversifying 
Uses of Grain Legumes 
A C o n s u l t a n t s ' M e e t i n g on "Uses o f G r a i n 
L e g u m e s " was he ld a t I C R I S A T Center , d u r i n g 
2 7 - 3 0 M a r c h t o discuss the cu r ren t p r o d u c t i o n 
t rends and end uses o f the gra ins o f ch i ckpea , 
T h i s w o r k s h o p , he ld i n K a t m a n d u , N e p a l , 1 9 -
22 M a r c h was cosponsored by the N a t i o n a l 
G r a i n L e g u m e I m p r o v e m e n t P r o g r a m m e 
( N G L I P ) , N e p a l ; As ian Rice F a r m i n g Systems 
N e t w o r k ( A R F S N ) , I n te rna t i ona l Rice Research 
I ns t i t u te ( I R R I ) , and the A G L N , I C R I S A T . 
There were 60 par t i c ipan ts f r o m 13 count r ies 
a n d f r o m the A s i a n D e v e l o p m e n t B a n k ( A D B ) , 
A s i a n Vegetab le Research and D e v e l o p m e n t 
Center ( A V R D C ) , Cowpea-Bean C R S P , F A O , 
F o r d F o u n d a t i o n , I C A R D A , I n t e r n a t i o n a l 
D e v e l o p m e n t Research Center ( I D R C ) , I n te r ­
na t i ona l Ins t i tu te o f T r o p i c a l A g r i c u l t u r e ( I I T A ) , 
A R F S N - I R R I , I C R I S A T , and W i n r o c k In te r ­
n a t i o n a l . Th i s was a un ique mee t ing as i t p r o ­
v i ded an o p p o r t u n i t y f o r i n t e rac t i on and ex­
change o f i n f o r m a t i o n a m o n g the members o f 
the t w o ne two rks ( A G L N and A R F S N ) w o r k i n g 
in As ia . T h e pa r t i c ipan ts discussed aspects re la t ­
i n g to mo is tu re stress, need f o r e a r l y - m a t u r i n g 
var ie t ies , so i l cons t ra in ts , and disease and insect 
pest p rob lems o f u p l a n d crops in general and 
ch i ckpea and p igeonpea i n pa r t i cu la r . M o r e spe­
c i f i ca l l y , they recommended tha t A G L N shou ld 
cons ider i n c l u d i n g o ther legumes i m p o r t a n t i n 
A s i a under its u m b r e l l a , there shou ld be m o r e 
emphas is on c o o r d i n a t e d e f fo r ts on ac id so i l t o l ­
erance o f a l l c rops , and on insect pest manage­
men t o f p igeonpea, and tha t m o r e use be made o f 
p igeonpea and g r o u n d n u t , and to exp lo re d iver ­
s i f i ca t ion of end uses. 
T h e mee t ing rev iewed ex is t ing know ledge on 
the uses of these g ra in legumes, iden t i f i ed areas 
tha t requ i re f u r t he r research and deve lopment , 
and f o r m u l a t e d immed ia te and l ong - te rm plans 
to i m p r o v e the i r end uses. W i t h those object ives 
in v iew , areas f o r co l l abo ra t i ve research and 
t r a i n i n g needs were also iden t i f i ed . 
Internat ional Workshop on Varietal 
Improvement of Chickpea, Pigeonpea, 
and Other Upland Crops in Rice-based 
and Other Cropping Systems 
Reg iona l W o r k s h o p s / M e e t i n g s 
As ia 
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Asian Grain Legumes Outreach ( A G L O ) 
Research Planning Meet ing 
T h e A G L O meet ing was held a t I C R I S A T Cen­
ter , 20 -24 November . Three representatives f r o m 
each o f f i ve count r ies ( Indones ia , M y a n m a r , 
N e p a l , S r i L a n k a , and V ie tnam) f o rmed the P r o ­
jec t C o u n t r y G r o u p . Legume scientists f r o m 
I n d i a , Pak i s tan , the Ph i l i pp ines , C G P R T C e n ­
t re , and A R F S N - 1 R R 1 fo rmed the Consu l t an t s ' 
G r o u p . These t w o g roups and the concerned 
I C R I S A T scientists reviewed the const ra in ts to 
p r o d u c t i o n o f g r o u n d n u t , p igeonpea, and ch ick-
pea in each coun t r y , examined the m e t h o d o l o -
gies f o r o n - f a r m research and techno logy t rans-
fer , and prepared d ra f t p roposa ls f o r techno logy 
t rans fe r pro jec ts in the pro jec t count r ies . T h e 
pa r t i c i pan ts v is i ted the L E G O F T E N techno logy 
t rans fe r act iv i t ies in the Pa rbhan i d is t r i c t o f 
M a h a r a s h t r a , I n d i a , f r o m 25-27 November . 
West A f r ica 
In-country Workshop on Improving 
the Productivity of M a l i a n Soils 
A n i n - c o u n t r y w o r k s h o p o n i m p r o v i n g the p r o ­
d u c t i v i t y o f M a l i a n soils was held a t C i n z a n a , 
M a l i , 11-13 September , i n c o l l a b o r a t i o n w i t h 
the l n s t i t u t d 'economie ru ra le ( I E R ) , M a l i . I t 
was a t tended by 30 agronomis ts represent ing 
d i f fe ren t research and extens ion organ iza t ions . 
T h e w o r k s h o p discussed p rob lems associated 
w i t h the M a l i a n soils and prospects o f a l lev ia t ing 
t h e m t o i m p r o v e the i r p r o d u c t i v i t y . The p a r t i c i ­
pan ts discussed in dep th the physics, chemis t r y , 
and b i o l o g y of M a l i a n soi ls and developed a set 
o f r ecommenda t i ons on fu tu re research p r i o r ­
i t ies and act ions f o r deve lopment . 
West Afr ican Regional Pearl Mi l le t 
Improvement Workshop 
T h e a n n u a l reg iona l pear l m i l l e t w o r k s h o p was 
I C A R / I C R I S A T Workp lan Meetings 
Discuss ions were held 25 -26 Augus t a t I C R I ­
S A T Center between senior scientists and o f f i ­
cials o f I C A R and I C R I S A T t o deve lop f o r m a l 
wo rkp lans f o r 1989-91. 
Over 80 o n g o i n g and new co l l abo ra t i ve p r o j ­
ects re la t ing to the i m p r o v e m e n t o f I C R I S A T ' s 
mandate crops in I n d i a were app roved by the 
t w o organ iza t ions d u r i n g these de l ibe ra t ions . 
Th is co l l abo ra t i on invo lves act ive p a r t i c i p a t i o n 
o f several I C A R ins t i t u t i ons and a g r i c u l t u r a l 
universi t ies t h r o u g h o u t the a r id and semi -a r id 
t rop ics o f I n d i a , ex tend ing f r o m Ra jas than 
A g r i c u l t u r a l Un ivers i ty i n the n o r t h t o T a m i l 
N a d u A g r i c u l t u r a l Un ive rs i t y i n the s o u t h . C o l ­
l abo ra t i ons w i t h o ther na t i ona l ins t i tu tes, such 
as the I n d i a n Ins t i tu te o f M a n a g e m e n t i n A h m e -
dabad and the N a t i o n a l Remo te Sensing A g e n c y 
( N R S A ) in Hyderabad , are also be ing deve loped. 
O the r co l labora t i ve ef for ts agreed inc lude 
pro jects i n c rop pa tho logy , e n t o m o l o g y , p h y s i ­
o logy , b reed ing , and m o d e l i n g ; manag ing so i l 
resources a n d a g r o f o r e s t r y ; d e m o n s t r a t i n g , 
c o m p a r i n g , and test ing i m p r o v e d var iet ies a n d 
technologies; and col lect ing and eva luat ing g e r m -
p lasm o f I C R I S A T ' s manda te crops. 
Second Nat ional Workshop on Pulses 
T h e A G L N , i n c o l l a b o r a t i o n w i t h the Bangla­
desh A g r i c u l t u r a l Research Ins t i tu te ( B A R I ) , 
J o y d e b p u r , and the I D R C organ ized the Second 
N a t i o n a l W o r k s h o p on Pulses, 6 -8 June a t Joy ­
d e b p u r , Bang ladesh. A b o u t 50 scientists f r o m 
research and ex tens ion depar tments o f Bang la­
desh, and scientists f r o m I n d i a , M y a n m a r , Nepa l , 
and I C R I S A T par t i c ipa ted i n the w o r k s h o p . 
T h e w o r k s h o p rev iewed the progress in pulses 
research in Bang ladesh since the f i rs t w o r k s h o p 
in 1981, and made plans f o r f u tu re research tha t 
inc ludes o n - f a r m test ing o f avai lable techno logy, 
and increased c o l l a b o r a t i o n a m o n g d i f ferent 
research g roups w i t h i n Bangladesh. 
the c o m p a r a t i v e advantages o f A G L N and 
A R F S N f o r coopera t i ve endeavors i n the A s i a n 
reg ion . 
H u m a n Resources Workshop Conducted in 
M a l i for West and Central Afr ica 
A t r a i n i n g w o r k s h o p was conduc ted in M a l i 
f r o m 19 to 30 September by the West and Cen ­
t r a l A f r i c a n S o r g h u m Resea rch N e t w o r k 
( W C A S R N ) o n A g r o n o m i c Research and O n -
f a r m Tes t i ng f o r n ine pa r t i c i pan ts f r o m Co te 
Meet ing in Kano to strengthen N A R S 
Collaborat ion 
T h i s mee t ing , he ld 25 -26 September , was o r g a n ­
ized b y W A S I P — N i g e r i a , i n K a n o . T w o repre­
sentatives each f r o m Ben in , C a m e r o o n , G h a n a , 
N ige r , and N ige r i a and one f r o m C h a d at tended 
the mee t ing . T h e ob ject ive was to s t rengthen 
c o l l a b o r a t i o n w i t h the N A R S i n these count r ies 
and t o p r o v i d e o p p o r t u n i t i e s f o r select ion o f 
genet ic ma te r i a l f o r u t i l i z a t i o n i n the n a t i o n a l 
p rog rams . 
e ra t i on w i t h n a t i o n a l ag r i cu l t u ra l research sys­
tems and i ndus t r y to achieve these goals. 
I n d u s t r i a l uses of s o r g h u m such as b r e w i n g , 
feed and f l o u r m i l l i n g , and baby f o o d and bever­
age m a n u f a c t u r i n g in N ige r i a are ga in ing c o n ­
siderable impo r tance . A t t e n t i o n is also be ing 
g iven to s o r g h u m end p roduc ts such as r a w 
g r a i n , g r i ts (coarsely g r o u n d hu l l ed g ra in ) , and 
ma l t ed ma te r i a l . Some forecasters pro jec t t ha t 
s o r g h u m w i l l even tua l l y replace maize as the 
energy source i n the N i g e r i a n f o o d i ndus t r y . T h e 
s y m p o s i u m recommended iden t i f i ca t i on o f h a r d -
gra ined s o r g h u m hav ing l o w fa t and p o l y p h e n o l 
con ten t w i t h adequate p ro te i n con ten t f o r g r i t s , 
a n d m e d i u m - t o s o f t - g r a i n e d s o r g h u m f o r 
m a l t i n g . 
Recommenda t i ons o f the s y m p o s i u m inc luded 
deve lopment o f small-scale m i l l i n g mach ine ry , 
p r o d u c t i o n o f f ine so rghum f l o u r f o r bakery 
p r o d u c t s , and i den t i f i ca t i on o f s o r g h u m v a r i ­
eties su i tab le f o r baked compos i t e - f l ou r p r o d ­
ucts. T h e s y m p o s i u m recommended deve lop ­
men t o f g ra i n s o r g h u m processing techno logy 
f o r use in p o u l t r y and cat t le feed. 
Industr ial Ut i l izat ion of Sorghum in Nigeria 
F i f t y - o n e delegates par t i c ipa ted in a s y m p o s i u m 
o n I n d u s t r i a l U t i l i z a t i o n o f S o r g h u m held f r o m 
4 to 6 December at K a n o , N ige r ia . The s y m p o ­
s i u m was j o i n t l y o rgan ized by N iger ia 's Ins t i t u te 
f o r A g r i c u l t u r a l Research ( I A R ) and I C R I S A T . 
T h e mee t ing b r o u g h t together scientists and 
a d m i n i s t r a t o r s f r o m the na t i ona l ag r i cu l t u ra l 
research system of N ige r i a , as we l l as i n d u s t r i a l ­
ists and po l i c ymake rs . T h e i ndus t r i a l uses o f 
s o r g h u m are o f cons iderab le s igni f icance in 
N i g e r i a because i m p o r t s o f whea t , bar ley , a n d 
maize were recent ly banned in tha t coun t r y . 
T h e event focused on the need f o r I C R I S A T ' s 
West A f r i c a n S o r g h u m I m p r o v e m e n t P r o g r a m 
( W A S I P ) based a t K a n o , N ige r i a , t o w o r k 
t owa rds i m p r o v i n g the m a l t i n g , b r e w i n g , and 
m i l l i n g qua l i t ies o f s o r g h u m ; i den t i f i ca t i on o f 
su i tab le cu l t i va rs f o r fo rage and feed; and c o o p -
he ld a t I S C , Sadore , f r o m 4 - 7 September . 
For ty-seven par t ic ipants represent ing 11 na t i ona l 
p r o g r a m s , I ns t i t u t d u Sahel ( I N S A H ) / C o m i t e 
pe rmanen t i n te r -E ta ts de lu t te con t re la seche-
resse dans le Sahel ( C I L S S ) , S e m i - A r i d F o o d 
G r a i n Research and Deve lopmen t ( S A F G R A D ) , 
and I C R I S A T pa r t i c i pa ted . S ix teen techn ica l 
papers were presented and the par t i c ipan ts also 
v is i ted the f ie lds where they saw the o n g o i n g 
research. 
Pa r t i c i pan ts o f th is w o r k s h o p fo rma l i zed the 
West and Cen t ra l A f r i c a n M i l l e t Research Ne t ­
w o r k . A steer ing c o m m i t t e e , cons is t ing of s ix 
representat ives o f the N A R S (elected by the pa r ­
t i c i pan ts ) , a c o o r d i n a t o r p r o v i d e d by I C R I S A T , 
and three observers ( o f I C R I S A T , S A F G R A D , 
and I N S A H / C I L S S ) was establ ished. 
T h e pa r t i c i pan ts o u t l i n e d the object ives o f the 
n e t w o r k , and the responsib i l i t ies o f the steer ing 
c o m m i t t e e . T h e f i rs t mee t ing o f the commi t t ee 
was he ld at I S C f r o m 12 to 15 December . The 
c o m m i t t e e w o r k e d on the p r e p a r a t i o n o f the 
d o c u m e n t , a deta i led ques t ionna i re to e l ic i t 
i n f o r m a t i o n on cons t ra in ts t o p r o d u c t i o n , staf f , 
and on fac i l i t ies avai lab le f o r m i l l e t i m p r o v e ­
men t research in the m e m b e r count r ies . 
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S A D C C / I C R I S A T Technical Advisory Panel 
Meet ing 
The f i f t h meet ing o f the Techn ica l A d v i s o r y 
Pane l f o r the S A D C C / I C R I S A T Reg iona l So r ­
g h u m and M i l l e t s I m p r o v e m e n t P r o g r a m t o o k 
place in B u l a w a y o , Z i m b a b w e , on 16-17 M a rch . 
The eight panel members, w i t h the D i r e c t o r o f 
S A C C A R as C h a i r m a n , together w i t h f ive d i rec ­
to rs o r the i r representat ives f r o m the S A D C C 
count r ies , and three d o n o r representat ives f r o m 
U S A I D , G T Z , and C I D A met w i t h 1 3 s ta f f 
members ( i nc lud ing the Execut ive D i r ec to r ) o f 
the reg iona l p r o g r a m and the I N T S O R M I L 
Associate P r o g r a m D i rec to r . The pa r t i c ipan ts 
rev iewed and evaluated progress be ing made in 
the reg iona l p r o g r a m f o r so rghum and m i l l e t 
i m p r o v e m e n t i n 1988-89, i nc lud ing h u m a n re ­
source deve lopment , and made recommenda­
t ions f o r the next season's course of act iv i t ies. 
Second S A D C C - I C R I S A T Regional 
Groundnut Breeders' and Agronomists'Meeting 
Eighteen g r o u n d n u t scientists f r o m Bo tswana , 
L e s o t h o , M a l a w i , M o z a m b i q u e , S w a z i l a n d , 
T a n z a n i a , Z a m b i a , and Z i m b a b w e , and f r o m 
I C R 1 S A T Center and I S C at tended this meet­
i ng , held 12 16 M a r c h at L i l ongwe , M a l a w i . 
Th i s meet ing gave an oppo r t un i t y f o r the 
S A D C C na t iona l p rog ram scientists t o rev iew 
progress made by the i r reg iona l p r o g r a m and to 
v iew germp lasm in the f ields. 
T h e recommenda t i ons ar is ing f r o m the meet -
Southern Af r ica 
Annual Workshop on Sorghum and Mi l let 
Improvement 
T h e s i x t h annua l Reg iona l W o r k s h o p o f the 
S o r g h u m and M i l l e t s I m p r o v e m e n t P r o g r a m 
( S M I P ) f o r Sou the rn A f r i c a was held a t Bu la ­
w a y o , Z i m b a b w e f r o m 18 to 22 September. The 
w o r k s h o p was a r e p o r t i n g and p l ann ing meet ing 
and gave an o p p o r t u n i t y to ga in a better perspec­
t i ve o f s o r g h u m and m i l l e t p r o d u c t i o n , process­
i n g , and u t i l i z a t i o n p rob lems . Par t ic ipants i n ­
c luded 57 n a t i o n a l scientists f r o m nine Sou the rn 
A f r i c a n Deve lopmen t Coope ra t i on Conference 
( S A D C C ) count r ies , 12 scientists f r o m the re­
g i o n a l p r o g r a m , t w o each f r o m I C R I S A T Cen­
ter and E A R C A L n e t w o r k , N a i r o b i , and one 
f r o m U S A I D T i t l e X I I Co l l abo ra t i ve Research 
S u p p o r t P r o g r a m o n S o r g h u m and Pear l M i l l e t 
( I N T S O R M I L ) , U S A . Representat ives f r o m the 
U S A I D , Canad ian I n te rna t i ona l Deve lopmen t 
Agency ( C I D A ) , and Deutsche Gesselschaft f u r 
Technische Zusammenarbe i t ( G T Z ) also par t i c ­
i pa ted . The 5-day de l iberat ions were focused on 
s o r g h u m and mi l le t i m p r o v e m e n t , f o o d t echno l ­
ogy, l ivestock feed, economics, and s ta t ion devel ­
o p m e n t and management . 
Second Regional Workshop on Crop Uti l ization 
T h i s w o r k s h o p was held a t M a t o p o s , 21 -22 
N o v e m b e r , and was a t tended by 15 inv i ted pa r -
d ' l v o i r e , the G a m b i a , G h a n a , Guinea-Bissau, 
M a u r i t a n i a , N ige r , N ige r i a , Senegal, and Sierra 
Leone . 
P r o v i d i n g ins t ruc t ions on several subjects 
were resource personnel f r o m I C R I S A T ' s W A -
S I P , M a l i ' s I E R , I L C A , the U n i t e d States 
Agency fo r In te rna t iona l Development ( U S A I D ) , 
I S C and the I ns t i t u t na t i ona l de recherches 
ag ronom iques d u N iger ( I N R A N ) . The pa r t i c i ­
pants saw var ious o n - f a r m exper iments a t Sot -
uba , C inzana , and S a m a n k o , and Striga t r ia ls in 
K o u l i k o r o v i l lage. 
t ic ipants and 10 p r i n c i p a l s taf f members f r o m 
S A D C C / I C R I S A T . The theme o f the meet ing 
was M a r k e t Qua l i t y Grades and S tandards f o r 
S o r g h u m , and the object ive o f the meet ing was 
to p rov ide a f o r u m fo r a l l re levant sectors such as 
breeders, f o o d technologis ts , and members o f 
the indus t ry and m a r k e t i n g sectors to exam ine 
issues o f g ra in qua l i t y cu r ren t l y a f fec t ing u t i l i za ­
t i o n . Count r ies represented were Bo tswana , 
Z a m b i a , and Z i m b a b w e , where q u a l i t y p r o b ­
lems are being exper ienced. 
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R e g i o n a l S o r g h u m and M i l l e t s I m p r o v e m e n t 
P r o g r a m , B u l a w a y o , w i t h vis i ts t o the s o r g h u m 
f ie lds a t the reg iona l headquar te rs a t M a t o p o s 
f o r 3 days and to the n a t i o n a l and co l l abo ra t i ve 
s o r g h u m research and d e m o n s t r a t i o n f ie lds i n 
T a n z a n i a , the largest s o r g h u m p roduce r and 
c o n s u m e r in the reg ion , f o r 11 days. Seventeen 
n a t i o n a l scientists i n c l u d i n g ag ronomis ts , b reed­
ers, en tomo log i s t s , pa tho log is ts , so i l scient ists, 
and f o o d n u t r i t i o n researchers f r o m seven o f the 
n ine S A D C C count r ies pa r t i c i pa ted . A m u l t i -
d i s c i p l i n a r y t eam o f s ix scientists f r o m the 
reg iona l p r o g r a m at M a t o p o s , and a p lan t 
breeder f r o m E A R C A L j o i n e d the n a t i o n a l p r o ­
g r a m scient ists. T h e object ives o f the t o u r i n ­
c luded eva lua t i on o f n a t i o n a l and reg iona l c o l ­
l abo ra t i ve nurser ies, t r i a l s , and demons t ra t i ons 
in a m u l t i d i s c i p l i n a r y manner , w i t h i n te rac t i on 
and exchange o f ideas a m o n g the scientists. 
Forage Traveling Workshop 
A Fo rage T r a v e l i n g W o r k s h o p was h e l d , 23 
J a n u a r y to 7 F e b r u a r y , a t the S A D C C R e g i o n a l 
S o r g h u m and M i l l e t s I m p r o v e m e n t P r o g r a m , 
B u l a w a y o . T h e g r o u p o f 16 scientists f r o m six 
S A D C C count r ies and f r o m reg iona l p rog rams 
v is i ted fo rage research areas in Z i m b a b w e , B o ­
t swana , L e s o t h o , M o z a m b i q u e , and Swaz i l and . 
F ie ld D a y s 
Pearl Mi l le t Field D a y 
I C R I S A T ' s b ienn ia l I n t e r n a t i o n a l Pear l M i l l e t 
F i e l d D a y was he ld on 12-13 September a t 
I C R I S A T Center . F o r t y par t i c ipants f r o m I n d i a , 
K e n y a , the Repub l i c o f K o r e a , M a l i , N iger , Pak ­
i s tan , T a n z a n i a , Z a m b i a , and Z i m b a b w e t o o k 
pa r t . Pa r t i c i pan ts were i n f o r m e d abou t recent 
deve lopments in the pa tho logy , b reed ing , phys i -
o l o g y , and a g r o n o m y o f pear l m i l l e t . A m a j o r 
ob jec t ive was to s t rengthen co l l abo ra t i ve l i nks 
between I C R I S A T and n a t i o n a l a g r i c u l t u r a l 
research systems. O p p o r t u n i t i e s were p r o v i d e d 
f o r the pa r t i c i pan ts to select or request genetic 
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i n g p rov i de va luab le guidel ines f o r reg iona l p r o j ­
ect act iv i t ies . Of special no te is the r e c o m m e n d a ­
t i o n re la t i ng to reg iona l screening o f late leaf 
spot and rust diseases. T h i s w o r k is to be under ­
t a k e n by the Swaz i l and n a t i o n a l p r o g r a m on 
beha l f o f a l l na t i ona l p r o g r a m s and w i l l be 
f unded by the reg iona l p ro jec t . 
Regiona l T o u r s 
Chickpea and Pigeonpea Mon i to r ing Tour 
T h e m o n i t o r i n g t o u r o f ch i ckpea and p igeonpea 
g r o w i n g on expe r imen t s tat ions and f a rmers ' 
f ie lds i n the T e r a i r eg ion o f N e p a l was o rgan ized 
12-17 M a r c h p r io r t o the N G L I P - I R R I - I C R I S A T 
W o r k s h o p . T h i r t y - t w o p a r t i c i p a n t s f r o m 1 0 
A G L N coun t r ies , I C R I S A T , and N G L I P par t i c -
i pa ted . T h e observa t ions f r o m the m o n i t o r i n g 
t o u r f o r m e d the basis f o r d iscussions a t the 
w o r k s h o p . 
Sorghum Research Mon i to r ing Tour 
Conducted b y W C A S R N 
T h e Wes t and C e n t r a l A f r i c a n S o r g h u m R e ­
search N e t w o r k ( W C A S R N ) organ ized a re ­
search m o n i t o r i n g t o u r f r o m 9 to 18 O c t o b e r f o r 
seven sc ien t is ts f r o m B e n i n , B u r k i n a F a s o , 
C a m e r o o n , C h a d , Gu inea , M a l i , and T o g o . 
D u r i n g the t o u r the scientists v is i ted n a t i o n a l , 
r e g i o n a l , and i n t e r n a t i o n a l t r ia ls and nurseries 
a t S o t u b a , S a m a n k o , and C inzana i n M a l i ; 
F a r a k o - B a a n d Sar ia i n B u r k i n a Faso ; and 
Lossa, T i l l a b e r y , and M a r a d i i n N iger . These 
visi ts gave the t o u r i n g scientists an o p p o r t u n i t y 
to eva luate and select b reed ing mater ia ls f o r use 
in the i r respect ive p rog rams . 
T h e pa r t i c i pan ts exchanged v iews d u r i n g pe r i ­
od ic g r o u p discussions and evaluated the entr ies 
in r eg iona l t r i a l s , and were able to apprec ia te the 
i n t e rac t i on between genotype and l oca t i on . 
Sorghum Moni to r ing /Eva lua t ion Tour 
T h i s was he ld f r o m 6 to 19 M a y a t the S A D C C 
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Field Days by I C R I S A T / M a l i 
I C R I S A T / M a l i o rgan ized f i e l d days fo r M a l i 
a g r i c u l t u r a l research scientists d u r i n g Augus t at 
S o t u b a , C i n z a n a , and K o p o r o Research Sta­
t i ons where I C R I S A T had co l labora t i ve agro­
n o m i c and breed ing t r ia ls w i t h I E R . 
Pigeonpea Field Days in Venezuela 
Venezuela 's F o n d o N a c i o n a l de Invest igaciones 
A g r o p e c u a r i a ( F O N I A P ) , i n co l l abo ra t i on w i t h 
I C R I S A T , he ld t w o p igeonpea f ie ld days i n J a n -
u a r y , a t Q u i b o r ( L a r a p rov ince) and Ya r i t agua 
(Yayacuy p rov ince) to demonst ra te the results o f 
the I C R I S A T / F O N I A P pigeonpea germplasm 
eva lua t ions . Each f ie ld day was sponsored by the 
respect ive F O N I A P exper imen t s ta t ion . The 
f i e ld vis i ts were preceded by a seminar and f o l ­
l owed by deta i led discussions of the exper iments. 
V is i to rs agreed tha t u t i l i za t i on o f el i te p igeon­
pea l ines w i t h p roper p r o d u c t i o n techniques 
w o u l d resul t in yields three t imes the present 
y ie lds. Several farmers expressed enthusiasm f o r 
c u l t i v a t i n g p igeonpea and requested seed f o r 
t he i r f a r m s , w h i c h are usua l ly 100-200 ha. T h e 
G o v e r n m e n t o f Venezue la i s n o w p l a n n i n g 
to subs tan t ia l l y increase pigeonpea p r o d u c t i o n 
us ing i m p r o v e d lines and techno logy. Better 
p igeonpea p r o d u c t i o n cou ld reduce the s t ra in on 
the na t ion 's economy aggravated by large soy­
bean i m p o r t s f o r p o u l t r y and an ima l feed. 
pub l ica t ions and to ma in ta i n pub l i c awareness. 
We p rov ide the Secretar iat f o r the E d i t o r i a l 
C o m m i t t e e , w h i c h operates an i n t e rna l peer 
review system f o r the Inst i tu te 's scient ists. T h i s 
Commi t t ee ensures that I C R I S A T scient ists, i n 
the i r c o m m u n i c a t i o n w i t h o ther scientists v i a 
j o u r n a l art ic les, conference papers, and m u l t i a u -
t h o r b o o k chapters, achieve a h igh acceptance 
rate by publ ishers , and consequent ly o b t a i n 
scient i f ic and technical feedback f r o m f e l l o w 
scientists, most o f w h o m w o r k w i t h i n inv is ib le 
colleges related to l C R I S A T ' s d isc ip l ines. In 
1989, the Ed i to r ia l Commi t tee hand led the rev iew 
o f 176 documents destined f o r p u b l i c a t i o n in th is 
open scient i f ic l i terature system. 
I n I n f o r m a t i o n Services' o w n pub l i sh i ng p r o ­
g r a m , we con t inued to issue a range of pub l i ca ­
t ions c o m m u n i c a t i n g the results o f l C R I S A T ' s 
research a imed p r ima r i l y at scientists and po l i c y -
makers in deve lop ing coun t r ies , bu t also a t 
dono rs , the in te rna t iona l sc ient i f ic c o m m u n i t y , 
and interested pub l i c . These pub l i ca t ions c o m ­
prise the annua l repor t , research h igh l igh ts , a n d 
quar te r l y and ha l f -year ly newsletters, as we l l as 
those issued in the f o l l o w i n g categories: G e r m -
p lasm Cata logs, P lant M a t e r i a l Desc r i p t i ons , 
B o o k s , Research Bul le t ins , I n f o r m a t i o n B u l l e ­
t ins , C o n f e r e n c e / W o r k s h o p Proceedings, B i b l i ­
ograph ies , General Aud ience Pub l i ca t i ons , a n d 
A u d i o v i s u a l ( A V ) Mater ia ls . 
In 1989, we pub l ished 43 i tems w i t h i n these 
categories and 38 semi fo rma l documents . We 
responded t o requests f r o m l ib rar ians i n S A T 
count r ies and f r o m a range o f partners w h o c o l ­
l abora te w i t h the Ins t i tu te in var ious ways by 
d i spa tch ing some 9 5 % o f pr iced pub l i ca t i ons 
(37 784) free of charge. Such grat is d i s t r i b u t i o n 
helps those w h o assist I C R I S A T in the f u l f i l ­
men t o f its mandated miss ion by p rov i d i ng ready 
access to copies of the Inst i tu te 's pub l i ca t i ons 
re levant to the i r w o r k . M o s t o f these I n s t i t u t e -
level pub l i ca t i ons were p roduced in-house v i a 
the D iv i s ion ' s o w n ar t , p h o t o g r a p h y , and c o m ­
pos ing un i ts and the p r i n t shop . Th is year o u r 
ar t is ts comp le ted more t h a n 1400 pieces of a r t ­
w o r k d i rec t l y and ind i rec t l y connected w i t h th is 
pub l i sh ing w o r k , ou r pho tograph ic staf f hand led 
1700 assignments and processing j o b s , ou r c o m -
I n f o r m a t i o n S e r v i c e s 
I C R I S A T Center 
I n f o r m a t i o n Services assists I C R I S A T scientists 
in the t rans fer o f techno logy by exerc is ing its 
respons ib i l i t y to ed i t and pub l i sh Inst i tu te- leve l 
m a t e r i a l f o r u t i l i z a t i o n b y t h e i r n a t i o n a l 
p rog rams . 
l i gh ts , Conference Proceedings, B o o k s , Research 
Bu l l e t i ns , etc. B u t ques t ionna i re respondents 
also expressed a n inc reas ing interest i n A V 
a i d s — a new d e m a n d the d i v i s i o n i s n o w ready to 
meet. 
I C R I S A T S a h e l i a n Cente r 
T h e act iv i t ies o f the I n f o r m a t i o n U n i t a t I S C are 
m a i n l y re la ted to t r a n s l a t i o n , p u b l i c a t i o n , and 
p u b l i c re la t ions . We o f fe r t o the management 
and scient ists, t r ans la t i on services i n t o F rench , 
w h i c h are m a i n l y used f o r conference papers, 
j o u r n a l ar t ic les, and correspondence. D u r i n g 
th is year, the U n i t p r o v i d e d act ive suppor t f o r 
the A n n u a l R e p o r t 1988 and t rans la ted th is p u b ­
l i c a t i o n i n t o F r e n c h . T h e U n i t i s responsib le f o r 
a l l I C R I S A T pub l i ca t i ons i n F r e n c h , i n c l u d i n g 
b o o k s , I n f o r m a t i o n Bu l le t ins , sections o f W o r k ­
shop Proceedings, Progress Repor t s , and general 
audience pub l i ca t i ons . We have also pub l i shed , 
w i t h the I ns t i t u t d 'economie ru ra le , M a l i , p r o ­
ceedings o f t w o na t i ona l w o r k s h o p s , one on 
i n t e r c r o p p i n g and the o the r on s o r g h u m and 
m i l l e t . We pub l i shed the b i a n n u a l newslet ter , 
Nouve l les de l ' I C R I S A T . 
Sc ient i f i c t r ans la t i on is a p r o b l e m faced by a l l 
the ins t i tu tes o f the Consu l t a t i ve G r o u p on 
I n t e r n a t i o n a l A g r i c u l t u r a l Research ( C G I A R ) . 
To s tandard ize te rms , sty le, and p resen ta t ion i n 
F r e n c h , we have p r e p a r e d — i n c o l l a b o r a t i o n 
w i t h the Cent re de c o o p e r a t i o n i n t e r n a t i o n a l en 
recherche a g r o n o m i q u e p o u r le deve loppement 
( C I R A D ) and a senior p r o o f r e a d e r / w r i t e r f r o m 
L e M o n d e — a F rench A g r o n o m i c Sty le M a n u a l , 
w h i c h w i l l b e pub l i shed b y C I R A D . I n a d d i t i o n , 
we p l a n to p u b l i s h i n t e rna l l y , a b i l i n g u a l l ex i con 
o n the t e r m i n o l o g y used b y I C R I S A T ( th is was 
accomp l i shed by a senior s ta f f m e m b e r d u r i n g 
his sabbat ica l leave). 
We receive of f ic ia ls and j ou rna l i s t s ( f r o m the 
press, r a d i o , and te lev is ion) . A TV p r o g r a m in 
F r e n c h and l oca l languages was p repared f o r the 
i n a u g u r a t i o n o f I S C . W e p r o v i d e d d isplays o n 
I C R I S A T ' s act iv i t ies d u r i n g the W o r l d F o o d 
D a y a n d o the r a g r i c u l t u r a l fa i rs he ld i n N i a m e y , 
pos i to rs created and processed 5390 m of gal leys. 
O u r F r e n c h U n i t t rans la ted abstracts and papers 
f o r i n c l u s i o n i n the Ins t i tu te 's pub l i ca t i ons and 
assisted i n the Ins t i tu te 's c o m m u n i c a t i o n w i t h 
f r a n c o p h o n e co l l abo ra to rs . T h e percentage o f 
I C R I S A T ' s m a j o r pub l i ca t ions tha t have f o re ign -
language ( F r e n c h , Span ish , a n d / o r Por tuguese) 
ed i t i ons as w e l l as Eng l i sh ed i t i ons and abstracts 
in those languages rema ined at abou t 25. 
D u r i n g the year , e x p e r i m e n t a l w o r k i n the 
p r o d u c t i o n o f v ideos a n d tape-s l ide p r o g r a m s 
abou t aspects o f the Inst i tu te 's w o r k was in i t i a ted 
i n c o l l a b o r a t i o n w i t h a l oca l A V agency. T h e 
ob jec t ive was t o exp lo re the p o t e n t i a l f o r A V 
c o m m u n i c a t i o n by b u i l d i n g on experience gained 
f r o m a m e m b e r o f s ta f f s sabbat ica l pro jec t in 
1988, i n w h i c h a v ideo on " L i v i n g w i t h D r o u g h t " , 
i n c l u d i n g aspects o f I C R I S A T ' s w o r k i n N ige r , 
was c o p r o d u c e d w i t h the BBC 's O p e n Un ive rs i t y 
P r o d u c t i o n Cent re i n the U K . A t the end o f th is 
year we d ra f t ed moda l i t i es f o r u n d e r t a k i n g a 
p l anned series o f A V p r o d u c t i o n s , based o n the 
p r o d u c t i o n o f t w o A V aids a b o u t the w o r k o f 
I C R I S A T ' s legumes en tomo log is ts . 
I n h a n d l i n g d i s t r i b u t i o n o f pub l i ca t i ons , the 
c o m b i n e d i n v o i c i n g and s tock r eco rd i ng system 
has been c o m p u t e r i z e d , and the t u r n - a r o u n d 
pe r i od in h a n d l i n g sales and requests has acco rd ­
i ng l y been reduced f r o m 1 week to a b o u t 1 day . 
I n o rder t o m a i n t a i n qua l i t y and cost-ef fect ive­
ness i n o u r b o o k p r o d u c t i o n w o r k , i t was 
dec ided in 1989 to emp loy consu l tan ts to assess 
the leve l o f the D i v i s i o n ' s p r o d u c t i v i t y , i n re la ­
t i o n to a k n o w n and an t i c ipa ted increase in 
p r i n t i n g d e m a n d o f 10% per a n n u m . T h e i r 
r epo r t has resul ted in the p lacement o f orders f o r 
e lec t ron ic so f tware and h a r d w a r e , to be ins ta l led 
in 1990, tha t w i l l cons iderab ly enhance the 
t h r o u g h p u t o f w o r k b y the ed i to rs , g raph ic 
ar t is ts , and compos i to rs . 
Ca re has been t a k e n to ensure t h a t key 
n a t i o n a l p r o g r a m research o rgan iza t ions i n the 
50 S A T coun t r ies have c o n t i n u i n g access to 
I C R I S A T pub l i ca t i ons , and respondents to a 
ques t i onna i re addressed in 1989 to 2000 selected 
n a t i o n a l p r o g r a m research s ta f f showed t ha t 
there i s a preference f o r I C R I S A T ' q u a l i t y ' p u b ­
l i ca t i ons : the A n n u a l R e p o r t , Research H i g h -
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T a b l e 1 . S t a t u s o f a c q u i s i t i o n s i n t h e I C R I -
S A T L i b r a r y d u r i n g 1 9 8 9 . 
A d d i t i o n s 
d u r i n g 
D o c u m e n t s 1989 
B o o k s 466 
B o u n d v o l u m e s 
o f pe r i od i ca l s 395 
A n n u a l R e p o r t s 155 
P a m p h l e t s 482 
M i c r o f o r m s 9 
T o t a l h o l d i n g s 
a s o n 
3 1 D e c 1 9 8 9 
23 3 2 5 
14593 
1 8 3 6 
5 8 1 4 
835 
T a b l e 2 . S o u r c e s c o n t r i b u t i n g t o t h e d a t a b a s e 
d u r i n g 1 9 8 9 . 
S o u r c e 
C A B I 1 
A G R I S 2 1758 
L o c a l i n p u t 
D a t a f r o m re t rospec t i ve s o r g h u m a n d 
m i l l e t b i b l i o g r a p h i e s 
Re t rospec t i ve l i b r a r y c a t a l o g d a t a 
T o t a l 
N u m b e r o f 
reco rds 
3822 
1346 
1014 
602 
8542 
1 . C A B I — C A B I n t e r n a t i o n a l . 
2 . A G R I S l n t e r n a t i o n a l I n f o r m a t i o n S y s t e m f o r A g r i c u l ­
t u r a l Sc iences a n d T e c h n o l o g y . 
A m e r i c a . T h e c o u n t r y w i s e b r e a k u p o f n e w 
en t ran ts to the SDl service is g iven in Tab le 3. 
The service n o w reaches 297 users in 43 countr ies 
o f the w o r l d . A coun t ryw ise b reakup o f the 
rec ip ients of the SDl service is g iven in Tab le 4. 
Literature Search Services 
D u r i n g the year, we conduc ted 314 on -demand 
l i te ra tu re searches fo r users a l l over the S A T . 
Selective Dissemination of Informat ion ( S D I ) 
The au toma ted S D I service, commenced i n 
M a r c h 1988, added 95 new recip ients to the ser-
v ice. Of these, 40 are f r o m 14 count r ies of A f r i c a , 
41 f r o m 4 count r ies in As ia , 7 f r o m 4 count r ies in 
the M i d d l e East, and 7 f r o m N o r t h and S o u t h 
T h e S A T C R I S , a pro jec t f u n d e d in pa r t by the 
I n t e r n a t i o n a l D e v e l o p m e n t Research Cen t re 
( I D R C ) in 1986 to succeed the S o r g h u m and 
M i l l e t s I n f o r m a t i o n Center ( S M 1 C ) , p rov ides 
d o c u m e n t a t i o n and i n f o r m a t i o n re t r ieva l serv i ­
ces on the f ive crops manda ted to I C R I S A T and 
associated areas to users a l l over the S A T . 
Semi-Ar id Tropical Crops Informat ion Service 
( S A T C R I S ) 
D o c u m e n t a t i o n Services 
L i b r a r y a n d D o c u m e n t a t i o n 
Services 
Acquisi t ions 
D u r i n g 1989, we added 1507 documents to ou r 
co l lec t ion (Tab le 1). 
Database Deve lopment 
D u r i n g 1989, the l ib rary 's database on the I n s t i ­
tute's V A X - 1 1 / 7 8 0 grew by 8542 records. The 
database is be ing bu i l t w i t h machine-readable 
da ta received f r o m t w o i n te rna t i ona l databases: 
C A B I n t e r n a t i o n a l ( C A B I ) , and the F A O ' s 
I n t e r n a t i o n a l I n f o r m a t i o n System fo r A g r i c u l ­
t u r a l Sciences and Techno logy ( A G R I S ) . T o 
these sources is added da ta pe r ta in ing to books 
and o ther documents p rocured by the l i b ra ry . 
A b reakup of c o n t r i b u t i n g sources to the da ta ­
base is g iven in Tab le 2. 
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T a b l e 3 . C o u n t r y w i s e b r e a k u p o f n e w r e c i p -
i e n t s o f t h e S D I se rv ice . 
C o u n t r y 
A f r i c a 
B o t s w a n a 
B u r k i n a F a s o 
E t h i o p i a 
K e n y a 
M a l a w i 
M a l i 
N i g e r 
N i g e r i a 
S o m a l i a 
S u d a n 
T a n z a n i a 
U g a n d a 
Z a m b i a 
Z i m b a b w e 
A m e r i c a s 
M e x i c o 
U S A 
A s i a 
C h i n a 
I n d i a 
I r a n 
N e p a l 
S y r i a 
T h a i l a n d 
T u r k e y 
Y e m e n 
T o t a l 
N u m b e r o f rec ip ien ts 
1 
1 
10 
9 
1 
1 
1 
2 
1 
2 
2 
1 
5 
3 
5 
2 
2 
35 
1 
3 
1 
1 
4 
1 
95 
T a b l e 4 . C o u n t r y w i s e b r e a k u p o f r e c i p i e n t s o f 
t h e S D I S e r v i c e . 
C o u n t r y 
A f r i c a 9 8 
B e n i n 
B o t s w a n a 
B u r k i n a F a s o 
C a m e r o o n 
N u m b e r o f rec ip ien ts 
1 
2 
7 
1 
Continued 
T a b l e 4 . Continued. 
C o u n t r y 
C 6 t e d ' I v o i r e 
E t h i o p i a 
K e n y a 
M a l a w i 
M a l i 
N i g e r 
N i g e r i a 
Senega l 
S o m a l i a 
S u d a n 
T a n z a n i a 
U g a n d a 
Z a m b i a 
Z i m b a b w e 
A m e r i c a s 15 
M e x i c o 
N i c a r a g u a 
P e r u 
U S A 
A s i a 180 
B a n g l a d e s h 
C h i n a 
I n d i a 
I C R I S A T 4 0 
O t h e r i n s t i t u t i o n s 107 
I n d o n e s i a 
I r a n 
I r a q 
J a p a n 
N e p a l 
P a k i s t a n 
S y r i a 
T h a i l a n d 
T u r k e y 
V i e t n a m 
Y e m e n , A r a b R e p u b l i c 
Y e m e n , Peop le 's 
D e m o c r a t i c R e p u b l i c 
E u r o p e 4 
F e d e r a l R e p u b l i c 
o f G e r m a n y 
N e t h e r l a n d s 
U K 
Y u g o s l a v i a 
T o t a l 
N u m b e r o f rec ip ien ts 
1 
2 1 
14 
1 
4 
11 
6 
2 
8 
3 
2 
1 
8 
5 
8 
1 
1 
5 
1 
9 
147 
2 
1 
1 
1 
3 
4 
2 
1 
4 
1 
1 
2 
1 
1 
1 
1 
297 
T a b l e 5 . C o u n t r y w i s e d i s t r i b u t i o n o f search serv ices . 
C o u n t r y o f user 
I n d i a 
I C R I S A T 
O t h e r s 
A f r i c a 
B u r k i n a F a s o 
E t h i o p i a 
K e n y a 
M a l i 
N i g e r 
N i g e r i a 
S u d a n 
T a n z a n i a 
U g a n d a 
Z a m b i a 
Z i m b a b w e 
O t h e r c o u n t r i e s 
B e l g i u m 
C h i n a 
E l S a l v a d o r 
I n d o n e s i a 
M a u r i t i u s 
M e x i c o 
P a k i s t a n 
T r i n i d a d a n d T o b a g o 
Y e m e n , A r a b R e p u b l i c 
T o t a l 
T y p e o f search 
C D - R O M 1 
97 
87 
2 
2 
1 
2 
5 
4 
2 
4 
1 
3 
13 
1 
1 
1 
4 
2 
1 
2 
1 
1 
237 
S A T C R I S 
28 
10 
-
-
-
2 
3 
3 
-
-
1 
1 
7 
-
1 
-
1 
2 
1 
-
-
-
60 
O n - l i n e 
9 
1 
-
-
-
1 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
11 
M a n u a l 
4 
-
-
-
1 
1 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
6 
T o t a l 
138 
9 8 
2 
2 
1 
6 
9 
7 
2 
4 
2 
4 
20 
1 
2 
1 
5 
4 
2 
2 
1 
1 
314 
1 . C D - R O M = C o m p a c t D i s k - R e a d O n l y M e m o r y . 
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T h i s i s m o r e t h a n doub le the n u m b e r o f search 
requests responded to in 1988 and includes 11 
on- l i ne searches. 
T h e search services reached users in 21 coun ­
tr ies i n c l u d i n g 11 count r ies o f A f r i c a . The coun ­
t r yw ise d i s t r i b u t i o n of search services is g iven in 
Tab le 5. 
Specialist Abstracts Services 
Three abstracts services, S o r g h u m and M i l l e t s 
Abs t rac t s , Ch i ckpea and Pigeonpea P romp ts , 
and G r o u n d n u t P r o m p t s , were p r o d u c e d by 
C A B I i n c o l l a b o r a t i o n w i t h I C R I S A T u n d e r the 
S A T C R I S pro jec t . T h e three services were p r o ­
v ided free o f charge to 761 i nd i v i dua l s o r i n s t i t u ­
t ions in over 45 countr ies o f the S A T . 
Document Delivery 
Copies o f documents f o u n d usefu l i n the S D I , 
l i te ra ture searches, and abstracts services are 
requested by recipients o f these services. D u r i n g 
1989, m o r e t h a n 6000 requests f o r copies o f d o c -
-
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S A T C R I S Workshops in 
Southern Africa 
T w o staf f members f r o m S A T C R I S t rave led t o 5 
coun t r ies o f sou the rn A f r i c a i n September -
Oc tobe r 1989 to conduc t user -or iented w o r k ­
shops. T h e w o r k s h o p s a imed a t i m p r o v i n g the 
awareness o f po ten t ia l end-users in d i f fe ren t 
i ns t i t u t i ons in sou thern A f r i c a to the resources 
and services o f S A T C R I S , a t i den t i f y i ng gaps in 
accessib i l i ty t o i n f o r m a t i o n o n I C R I S A T ' s f ive 
manda te c rops , a t b u i l d i n g contac ts w i t h l i b ra r ­
ies and d o c u m e n t a t i o n centers in the reg ion , and 
a t i d e n t i f y i n g sources o f c o n v e n t i o n a l and n o n -
conven t i ona l l i te ra ture . 
One h u n d r e d and s i x t y -n ine pa r t i c ipan ts f r o m 
33 i ns t i t u t i ons in Bo tswana , M a l a w i , Tanzan ia , 
Z a m b i a , and Z i m b a b w e pa r t i c i pa ted i n these 
w o r k s h o p s . 
I S C Activi t ies 
T h e I C R I S A T Sahe l ian Cente r ( I S C ) L i b r a r y , 
l i ke the o the r services, has m o v e d i n t o the new 
bu i l d ings at Sadore , in M a r c h 1989. Th is sec­
t i o n , w i t h the I n f o r m a t i o n Services, caters t o the 
i n f o r m a t i o n needs of scientists as we l l as o ther 
users. 
steps have since been t a k e n by centers to i m p l e ­
men t the recommenda t i ons . 
U n i o n Cata log o f Serials Ho ld ings 
i n I A R C s 
One o f the recommenda t i ons o f the C G I A R 
M e e t i n g o n D o c u m e n t a t i o n and I n f o r m a t i o n 
Services was tha t the l i b r a r y a t I C R I S A T shou ld 
deve lop a mach ine- readab le database of serials 
he ld by Center l ib rar ies , and p roduce a h a r d 
copy o f the U n i o n Ca ta log o f Serials he ld by the 
par t i c ipa t ing In te rna t iona l Ag r i cu l t u ra l Research 
Centers ( I A R C s ) . W o r k on th is p ro jec t began by 
u p g r a d i n g the Serials da ta system so f tware t ha t 
the l i b r a r y had a l ready deve loped in 1987-88. 
D u r i n g 1989, 2800 records were added to the 
U n i o n C a t a l o g o f Ser ia ls database w i t h d a t a 
received f r o m 14 I A R C s . F u r t h e r , the l i b r a r y 
was able to p rov ide camera-ready copy o f the 
Ca ta logs o f Ser ials to l ib rar ies a t A s i a n Vegeta­
ble Research and Deve lopment Center ( A V R D C ) , 
I n t e r n a t i o n a l Center f o r A g r i c u l t u r a l Research 
i n the D r y Areas ( I C A R D A ) , and C e n t r o In te r -
nac iona l de l a Papa ( C I P ) d u r i n g 1989. I C A R D A 
has since o f fse t -p roduced its Ca ta l og f o r w ide 
d i s t r i b u t i o n in i ts reg ion . P r o g r a m s were also 
w r i t t e n to m a k e the database ava i lab le as a 
M i c r o C D S / I S I S and a B A S I S app l i ca t i on . The 
M i c r o C D S / I S I S database w i l l be o f fe red as a 
p r o d u c t t o the N A R S l ib ra r ies i n a d d i t i o n t o a 
h a r d copy vers ion o f the U n i o n Ca ta l og o f 
Serials w h i c h is to be p r i n ted in 1990. I t is envis­
aged tha t the ava i l ab i l i t y o f th is C a t a l o g w o u l d 
enable the N A R S and I A R C l ibrar ies t o m a k e 
bet ter use o f the r i ch serial resources o f I A R C s in 
d o c u m e n t de l ivery to end users. 
Input to the A G R I S Database 
I tems o f l C R l S A T - g e n e r a t e d conven t i ona l and 
n o n c o n v e n t i o n a l l i t e ra tu re , t o t a l i n g 289, were 
i n p u t t o the A G R I S database. 
C G I A R D o c u m e n t a t i o n and 
I n f o r m a t i o n Services M e e t i n g 
I C R I S A T hosted the second Consu l ta t i ve G r o u p 
on In te rna t i ona l A g r i c u l t u r a l Research ( C G I A R ) 
D o c u m e n t a t i o n and I n f o r m a t i o n Services meet­
i ng a t I C R I S A T Center i n Janua ry 1989. The 
meet ing was at tended by 35 par t i c ipan ts f r o m 
other C G I A R and n o n - C G I A R centers, N a t i o n a l 
A g r i c u l t u r a l Research Systems ( N A R S ) i n s t i t u ­
t i ons i n A s i a , A f r i c a , and L a t i n A m e r i c a , the 
database p roduce rs , and dono rs . The meet ing 
made several r e c o m m e n d a t i o n s and designated 
speci f ic centers to coo rd i na te or lead ac t ion in 
i m p l e m e n t i n g the r e c o m m e n d a t i o n s . Severa l 
umen ts were en te r ta ined . O f these, the S D I ser-
vice a lone has p rov ided copies of 4100 papers 
t o t a l i ng to abou t 32 000 pages. 
Newsletters 
I C R I S A T ( I n t e rna t i ona l C rops Research I n s t i ­
tu te f o r the S e m i - A r i d T rop ics ) . 1989. A t I C R I ­
S A T nos. 25, 26, 27, and 28. Pa tanche ru , A . P . 
502 324, I n d i a : I C R I S A T . I S S N 0257-2486 . 
( N A E ) 
A n n u a l Progress Reports 
I C R I S A T ( I n te rna t i ona l Crops Research I n s t i ­
tu te f o r the S e m i - A r i d T rop ics ) . 1989. A n n u a l 
repor t 1988. Patancheru , A . P . 502 324, I n d i a : 
I C R I S A T . 306 p p . I S S N 0257-2478. ( A R E 015) 
I C R I S A T ( I n te rna t i ona l Crops Research I n s t i ­
tu te f o r the S e m i - A r i d T rop ics ) . 1989. Research 
h igh l ights 1988. Patancheru, A . P . 502 324, I n d i a : 
I C R I S A T . 5 2 pp . I S S N 0257-2532. ( R H E 010) 
I C R I S A T ( I n te rna t i ona l Crops Research I n s t i ­
tu te f o r the S e m i - A r i d T rop ics ) . 1989. Progres 
de la recherche 1988. Pa tancheru , A . P . 502 324 , 
I n d i a : I C R I S A T . 5 2 p p . I S S N 0257-2494. ( R H F 
010) 
Publ ica t ions 
Institute Publications 
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( C I D R ) , facu l ty o f A g r o n o m y , Cen t re reg iona l 
de f o r m a t i o n et d ' a p l i c a t i o n en a g r o m e t e o r o l o -
gie e t hydro log ie operat ionnel le ( A G R H Y M E T ) , 
i n the subregion O D E S S A (Cote d ' l v o i r e ) , S e m i -
A r i d F o o d Gra i n Research and D e v e l o p m e n t 
( S A F G R A D ) , Comi te permanent in te r -E ta ts de 
lu t te con t re la secheresse dans le Sahel ( C I L S S ) 
( B u r k i n a Faso), Centre de coope ra t i on In te rna ­
t iona le en recherche a g r o n o m i q u e p o u r le deve-
loppement ( C I R A D ) , I n te rna t i ona l Service f o r 
N a t i o n a l A g r i c u l t u r a l Research ( I S N A R ) , e tc . , 
based on an exchange basis. 
Es tab l i shed in 1984, th is L i b r a r y subscribes to 
57 per iod ica ls cover ing a w ide range of topics 
and branches in the w o r l d o f science. We have 
a r o u n d 5000 special ized books , annua l reports , 
progress repor ts , conference proceedings, bound 
vo lumes of per iod ica ls and theses. 
Acquisitions 
T h e status o f acqu is i t ions a t the I S C l i b ra r y 
d u r i n g 1989 is r iven in Tab le 6. 
T a b l e 6 . S t a t u s o f a c q u i s i t i o n s i n t h e I C R I S A T 
S a h e l i a n C e n t e r L i b r a r y d u r i n g 1 9 8 9 . 
D o c u m e n t s 
B o o k s a n d R e p o r t s 
B o u n d v o l u m e s o f pe r iod ica ls 
A n n u a l r e p o r t s 
P a m p h l e t s 
A d d i t i o n s d u r i n g 1989 
316 
160 
32 
46 
Documentation 
F r o m M a r c h 1989, a weekly bu l le t in o f contents 
pages o f j o u r n a l s was d i s t r i bu ted to ou r scien­
t ists a t Sadore and in West A f r i c a n S o r g h u m 
I m p r o v e m e n t P r o g r a m ( W A S I P ) i n M a l i and 
N ige r i a . So fa r we have d i s t r i bu ted more t h a n 
14 000 copies of art icles f r o m d i f fe ren t j o u r n a l s , 
w h i c h indicates the usefulness o f th is bu l le t i n . 
We have establ ished very good contacts w i t h 
the o ther i n f o r m a t i o n centers and l ibrar ies in 
N ige r : I n s t i t u t na t i ona l de recherches ag rono -
miques du N ige r ( I N R A N ) , I ns t i t u t f rancais de 
recherche sc ient i f ique p o u r le developpement en 
c o o p e r a t i o n ( O R S T O M ) , Centre d ' i n f o r m a t i o n 
et de d o c u m e n t a t i o n p o u r le deve loppment r u r a l 
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and r e c o m m e n d a t i o n s o f the A s i a n R e g i o n 
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502 324, I n d i a : I C R I S A T . 24 p p . I S B N 92-9066-
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Conference Paper 
H a r a v u , L .J . 1989. The S e m i - A r i d T r o p i c a l 
C rops I n f o r m a t i o n Service ( S A T C R I S ) and the 
a f l a t o x i n database. Pages 379-384 in A f l a t o x i n 
c o n t a m i n a t i o n o f g r o u n d n u t : proceedings o f the 
I n t e r n a t i o n a l W o r k s h o p , 6 -9 Oct 1987, I C R I -
S A T Center , I n d i a . Pa tancheru , A . P . 502324, 
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Genetic Resources Unit 
G e r m p l a s m Co l l ec t i on and Assembly 
G e r m p l a s m Ma in tenance 
G e r m p l a s m Conse rva t i on 
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P lan t M a t e r i a l I m p o r t s 
Pos t -en t ry Qua ran t i ne I s o l a t i o n 
A r e a ( P E Q I A ) 
F a r m Development and Operations 
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Statistical Services 
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Publications 
The c i ta t ion for this report is I C R I S A T ( Internat ional Crops Research Inst i tute fo r the Semi -Ar id Tropics). 1990. A n n u a l report 
1989. Patancheru, A .P . 502 324, India: I C R I S A T . 
For o f fpr in ts , wr i te to: I n fo rma t i on Services, In ternat iona l Crops Research Inst i tute for the Semi-Ar id Tropics ( I C R I S A T ) , 
Patancheru, A . P . 502 324, Ind ia . 
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G e n e t i c R e s o u r c e s U n i t 
The l C R I S A T Genetic Resources Un i t has estab­
l ished the wor ld ' s largest ge rmp lasm col lect ions 
o f i ts f ive manda te crops and six m i n o r mi l lets. 
In the past , m u c h emphasis was being given to 
the co l l ec t i on , charac te r i za t ion , and conserva­
t i o n o f g e r m p l a s m . A t present we are g i v ing 
increased emphasis to systematic mu l t i l oca t iona l 
e v a l u a t i o n , screening f o r resistance t ra i ts , en­
hancement f o r u t i l i za t i on , c lass i f icat ion, and 
d o c u m e n t a t i o n , besides con t inued maintenance 
and conserva t ion of the assembled mater ia l . As 
the l o n g - t e r m storage fac i l i t y became opera­
t i o n a l , we are n o w concent ra t ing on seed increase 
of accessions to o b t a i n suf f ic ient seed stocks f o r 
l o n g - t e r m conserva t ion . M u l t i l oca t iona l evalua­
t i o n o f ge rmp lasm in I nd i a , Kenya , N iger ia , and 
Venezue la resul ted in the iden t i f i ca t ion o f loca l ly 
adapted g e r m p l a s m , w h i c h is be ing used to 
b roaden the genetic base. 
In f u t u r e , emphasis w i l l be placed on g e r m ­
p lasm ma in tenance , l ong - te rm conservat ion , d i ­
v e r s i f i c a t i o n , genet ic s tudies, ge rmp lasm en ­
hancement t h r o u g h convers ion and in t rogres-
s i on , deve lopment o f t ra i t -speci f ic ge rmp lasm 
poo l s , and l im i t ed ge rmp lasm col lect ions o f 
c rops and the i r w i l d relat ives f r o m areas th rea ­
tened by genetic eros ion. Special a t ten t ion w i l l 
be g iven to i den t i f y and s tudy the na tu re and the 
possib le u t i l i za t i on o f useful t ra i ts f o u n d in w i l d 
G e r m p l a s m C o l l e c t i o n 
a n d A s s e m b l y 
Th is year, we added 3282 accessions of manda te 
crops and 308 m i n o r mi l le ts (Tab le 1) to the 
ex is t ing 96 200 accessions, ra is ing the t o ta l gene 
bank ho ld ings to 99 790. In c o l l a b o r a t i o n w i t h 
scientists in the Nat iona l A g r i c u l t u r a l Research 
System ( N A R S ) , germp lasm co l lec t ion miss ions 
were launched to Cent ra l A f r i c a n Repub l i c , 
I n d i a , Indones ia , M a l a w i , Pak is tan , and T o g o 
where we col lected 2200 samples cons is t ing of 
782 s o r g h u m , 831 pear l m i l l e t , 161 ch i ckpea , 77 
p igeonpea, 237 g roundnu t , and 112 m i n o r mi l le ts 
(Tab le 2). A l l the 1342 germp lasm samples 
i nc l ud i ng 309 so rghum, 759 pear l m i l l e t , 48 
ch ickpea, 11 pigeonpea, 203 g r o u n d n u t , and 12 
m i n o r mi l le ts col lected f r o m outside I nd ia were 
handed over to the Plant Quaran t ine Reg iona l 
S ta t i on o f the Na t i ona l Bureau o f P lan t Genet ic 
Resources ( N B P G R ) , Ra jendranagar , f o r q u a r ­
an t i ne e x a m i n a t i o n and subsequent s o w i n g 
i n the Pos t -En t r y Quaran t ine I so l a t i on A r e a 
( P E Q I A ) f o r inspect ion and seed increase. 
relat ives o f mandate crops. Pr io r i t i es f o r f u t u r e 
strategic research were ident i f ied d u r i n g the 
Cereals and Legumes G l o b a l In -house Reviews 
and the j o i n t I C A R / I C R l S A T w o r k s h o p . 
T a b l e 1 . A d d i t i o n s t o I C R I S A T g e r m p l a s m col lec t ions i n 1 9 8 9 . 
O r i g i n 
A f r i c a 
B o t s w a n a 
B u r k i n a Faso 
S o r g h u m P e a r l m i l l e t C h i c k p e a P i g e o n p e a G r o u n d n u t M i n o r m i l l e t s 
17 
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T a b l e 1 . Continued 
O r i g i n 
C a m e r o o n 
E t h i o p i a 
K e n y a 
M a l a w i 
M a l i 
M o r o c c o 
M o z a m b i q u e 
N ige r 
Senegal 
S o m a l i a 
S u d a n 
T a n z a n i a 
Z a m b i a 
Z i m b a b w e 
Asia 
Bang ladesh 
C h i n a 
I n d i a 
I r a n 
J a p a n 
K o r e a , R e p u b l i c o f 
M y a n m a r 
P a k i s t a n 
S r i L a n k a 
S y r i a 
Europe 
Greece 
I t a l y 
A m e r i c a s 
Braz i l 
J a m a i c a 
M e x i c o 
Sa in t L u c i a 
U S A 
O c e a n i a 
A u s t r a l i a 
U n k n o w n 
T o t a l i n 1989 
C u m u l a t i v e 
t o t a l t o da te 
S o r g h u m 
2 4 1 
-
122 
-
-
19 
-
-
-
2 6 
105 
-
-
-
-
-
2 7 4 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
7 8 7 
3 1 8 1 7 
P e a r l m i l l e t 
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-
-
-
-
-
5 
-
-
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-
-
8 6 9 
-
-
3 4 0 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
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1 4 3 5 
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-
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-
-
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-
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-
-
-
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-
-
-
-
-
-
-
-
-
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-
-
-
5 1 
-
-
-
-
-
-
-
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11 
1 
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2 
-
1 
-
1 3 2 
11 172 
G r o u n d n u t 
-
2 
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17 
-
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-
1 
. 
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-
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G e r m p l a s m M a i n t e n a n c e 
We re juvenated 15 466 cu l t i va ted accessions of 
ou r mandate c rops , and 230 w i l d relat ives o f 
s o r g h u m , besides 316 m i n o r mi l le ts , m a i n l y d u r -
i ng the pos t ra i ny season. These inc lude 7545 
s o r g h u m , 1418 pear l m i l l e t , 1212 ch ickpea, 1300 
p igeonpea, and 3991 g r o u n d n u t accessions. As 
the l o n g - t e r m storage fac i l i t y became opera­
t i o n a l , we shi f ted our p r i o r i t y to systemat ic 
re juvena t ion and seed m u l t i p l i c a t i o n . Some 337 
g r o u n d n u t accessions were released f r o m qua r ­
an t ine , 1803 exo t i c i n t r oduc t i ons cons is t ing of 
1016 s o r g h u m , 627 pear l m i l l e t , 87 p igeonpea, 
and 72 m i n o r mi l le ts samples were g r o w n in the 
P E Q I A f o r inspect ion, seed m u l t i p l i c a t i o n , and 
main tenance 
seeds, of each of the 1822 s o r g h u m and 1220 
pear l mi l le t accessions, were dr ied to 5 - 7 % mo i s ­
tu re con ten t a t 15°C and 15% re lat ive h u m i d i t y 
in the d r y i n g cabinet and sealed in l am ina ted 
a l u m i n u m f o i l packets f o r storage a t -20°C. The 
i n i t i a l v i ab i l i t y o f the accessions stored under 
l ong - t e rm cond i t ions was tested and the da ta 
together w i t h o ther i n f o r m a t i o n re la t ing t o c o n ­
serva t ion were stored in a retr ievable f o r m in a 
m i c rocompu te r . 
M o n i t o r i n g v iab i l i t y o f germp lasm conserved 
under m e d i u m - t e r m cond i t ions was con t inued 
and g e r m i n a t i o n of 1280 so rghum, 2321 ch ick-
pea, 477 p igeonpea, and 744 g r o u n d n u t acces-
sions was tested. A to ta l of 383 accessions con -
s is t ing of 37 so rghum, 237 ch ickpea, 34 p igeon-
pea, and 75 g r o u n d n u t accessions, whose v iab i l -
i t y was reduced to less t han 85%, was iden t i f i ed 
f o r immed ia te re juvenat ion . 
G e r m p l a s m C o n s e r v a t i o n 
a n d S e e d B i o l o g y 
We in i t ia ted l ong - te rm conserva t ion o f ge rm-
p lasm of mandate crops th is year. A b o u t 125 g ol 
G e r m p l a s m E v a l u a t i o n 
A to ta l of 8463 accessions consist ing of 1005 
s o r g h u m , 2306 pear l m i l le t , 544 ch ickpea, 617 
T a b l e 2 . G e r m p l a s m co l lec t ion miss ions l a u n c h e d j o i n t l y b y I C R I S A T , N A R S , a n d o t h e r agenc ies , a n d 
n u m b e r o f s a m p l e s col lected d u r i n g 1 9 8 9 . 
C o u n t r y / 
State(s) 
C e n t r a l A f r i c a n R e p u b l i c 
I ndones ia 
M a l a w i 
P a k i s t a n 
T o g o 
I n d i a 
B i h a r 
M a d h y a Pradesh 
M a d h y a Pradesh 
M a h a r a s h t r a 
M a h a r a s h t r a and K a r n a t a k a 
T a m i l N a d u 
T r i p u r a 
T o t a l 
Pe r i od 
Jan 
N o v - D e c 
Sep 
Sep 
A u g - S e p 
M a r - A p r 
N o v - D e c 
N o v - D e c 
Sep-Oct 
F e b 
J a n 
N o v - D e c 
N u m b e r o f samples1 
S G 
218 
2 
-
55 
34 
-
155 
6 
32 
177 
92 
11 
782 
P M 
129 
-
-
150 
480 
-
-
1 
70 
1 
-
-
831 
C P 
-
-
36 
12 
-
89 
-
2 
11 
11 
-
-
161 
P P 
5 
2 
-
-
4 
45 
-
3 
9 
3 
-
6 
77 
G N 
91 
75 
-
-
37 
-
-
14 
18 
2 
-
-
237 
M M 
-
-
-
12 
-
-
-
2 
51 
-
41 
6 
112 
T o t a l 
443 
79 
36 
229 
555 
134 
155 
28 
191 
194 
133 
23 
2200 
1 . S G = S o r g h u m , P M = Pea r ! M i l l e t , C P = C h i c k p e a , P P = P i g e o n p e a , G N = G r o u n d n u t , a n d M M = M i n o r M i l l e t s . 
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p igeonpea , and 3991 g r o u n d n u t accessions was 
character ized and eva luated a t I C R I S A T Cen-
ter. A t K a n o , N i g e r i a , 2010 s o r g h u m g e r m p l a s m 
accessions were evaluated and 96 a g r o n o m i c a l l y 
el i te l ines were selected. In K e n y a , 16 el i te 
p igeonpea g e r m p l a s m l ines were selected f o r 
large-scale m u l t i l o c a t i o n a l tes t ing and three en-
tr ies f r o m th is set are be ing considered f o r 
release in the coun t r y . J o i n t eva lua t i on o f g e r m -
p lasm b y I C R I S A T and N B P G R scientists i n 
va r ious loca t ions in I n d i a (Tab le 3) led to the 
i d e n t i f i c a t i o n of p r o m i s i n g accessions: 65 sor-
g h u m accessions f o r g ra in and 147 f o r fo rage , 10 
ch i ckpea accessions, and 3 p igeonpea acces-
T a b l e 3 . C o l l a b o r a t o r s , l o c a t i o n s , n u m b e r o f accessions, a n d t y p e o f m a t e r i a l c h a r a c t e r i z e d / e v a l u a t e d 
j o i n t l y d u r i n g 1 9 8 9 . 
C r o p 
S o r g h u m 
Pear l m i l l e t 
C h i c k p e a 
P igeonpea 
G r o u n d n u t 
C o l l a b o r a t o r 
N B P G R , I n d i a 
I G F R l , I n d i a 
N R C S , I n d i a 
N B P G R , I n d i a 
T N A U , I n d i a 
N R C S , I n d i a 
U A S , I n d i a 
M P K V , I n d i a 
N R C S , I n d i a 
W A S I P , N i g e r i a 
N B P G R , I n d i a 
A I C P M I P , I n d i a 
T N A U , I n d i a 
N B P G R , I n d i a 
N B P G R , I n d i a 
I C R I S A T , I n d i a 
N B P G R , I n d i a 
N B P G R , I n d i a 
I C R I S A T , I n d i a 
N B P G R , I n d i a 
N B P G R , I n d i a 
N D F R C , K e n y a 
N D F R C , K e n y a 
F O N A I A P , Venezue la 
N B P G R , I n d i a 
N R C G , I n d i a 
L o c a t i o n 
I ssapur 
J h a n s i 
R a j e n d r a n a g a r 
A k o l a 
C o i m b a t o r e 
R a j e n d r a n a g a r 
B i j a p u r 
M o h o l 
R a j e n d r a n a g a r 
B a g a u d a 
J o d h p u r 
P u n e 
C o i m b a t o r e 
A k o l a 
I ssapur 
P a t a n c h e r u 
A k o l a 
V a d o d a r a 
P a t a n c h e r u 
K a n p u r 
D h o l i 
K a t u m a n i 
K a m p i y a m a v e 
Q u i b o r 
A k o l a 
J u n a g a d h 
N u m b e r o f 
accessions 
1200 
1200 
1200 
1000 
1000 
1000 
1002 
1002 
1002 
2010 
2000 
2000 
2000 
1200 
1200 
1200 
1000 
1000 
1000 
1000 
500 
453 
385 
500 
1000 
1000 
T y p e o f m a t e r i a l 
Selected g e r m p l a s m 
f o r fo rage 
Selected g e r m p l a s m 
f o r g r a i n 
Selected g e r m p l a s m 
f o r pos t ra iny -season 
p r o g r a m 
E a r l y - m a t u r i n g 
g e r m p l a s m 
D ive rse g e r m p l a s m 
D iverse g e r m p l a s m 
D iverse g e r m p l a s m 
S h o r t d u r a t i o n 
L o n g d u r a t i o n 
M e d i u m d u r a t i o n 
M e d i u m d u r a t i o n 
M e d i u m d u r a t i o n 
M e d i u m d u r a t i o n 
L o n g d u r a t i o n 
L o n g d u r a t i o n 
L o n g d u r a t i o n 
L o n g d u r a t i o n 
Vegetab le type 
Selected g e r m p l a s m 
Selected g e r m p l a s m 
T a b l e 4 . S e e d samples s u p p l i e d t o I C R I S A T c r o p p r o g r a m s d u r i n g 1 9 8 9 . 
D i s c i p l i n e 
A g r o n o m y 
P h y s i o l o g y 
P a t h o l o g y 
E n t o m o l o g y 
Breed ing 
B iochem is t r y 
Ce l l b i o l o g y 
T r a i n i n g 
N e m a t o l o g y 
Q u a r a n t i n e 
O the rs 
T o t a l 
Cereals 
S o r g h u m 
1 
290 
1975 
372 
350 
15 
-
17 
1 
-
-
3 0 2 1 
Pear l M i l l e t 
-
268 
420 
-
79 
2 
-
-
-
10 
-
779 
Legumes 
C h i c k p e a 
-
18 
2 591 
-
312 
811 
4 
-
96 
21 
10 
3 863 
P igeonpea 
78 
-
4 
-
192 
579 
9 
-
174 
-
20 
1056 
G r o u n d n u t 
-
97 
1916 
68 
289 
334 
75 
24 
25 
-
-
2828 
T o t a l 
79 
673 
6 9 0 6 
440 
1 2 2 2 
1 7 4 1 
88 
41 
296 
31 
30 
11547 
D o c u m e n t a t i o n 
Passpor t and eva lua t ion da ta f o r new accessions 
have been comp i l ed to enable compu te r i za t i on . 
Passpor t da ta o f so rghum subsequent to IS 
25240 and up to IS 33000 have been entered in to 
the I C R I S A T D a t a M a n a g e m e n t and Ret r ieva l 
System ( I D M R S ) compu te r p r o g r a m . Passport 
and eva lua t i on da ta o f pear l mi l le t accessions 
f r o m IP 12432 to IP 15617 were tabu la ted (or 
en ter ing i n t o the I D M R S data base. Passport 
da ta of 376 new accessions and eva lua t ion da ta 
o f 544 accessions o f ch ickpea were compu te r ­
ized. The charac te r i za t ion data o f p igeonpea at 
Pa tancheru f o r 1987/1988 ra iny season and the 
passport da ta on new accessions were entered 
i n t o the c o m p u t e r and the 1988/1989 character­
i za t i on da ta are be ing documen ted . C o m p i l a t i o n 
o f passpor t , eva lua t i on , and character iza t ion 
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sions. E l i te s o r g h u m germp lasm was classified as 
s ter i l i t y ma in ta iners or restorers. A f t e r screening 
968 accessions of Arachis hypogaea ssp fastigi-
ata< 57 accessions w i t h fresh seed do rmancy were 
i den t i f i ed . Supe rnumera ry chromosomes were 
observed in Sorghum nitidurn, a recent ly c o l ­
lected w i l d species in Western Ghats , Ind ia . 
data has been comple ted f o r 12 160 g r o u n d n u t 
accessions w h i c h was suppl ied to the C o m p u t e r 
Services f o r enter ing in to the data base. A par t of 
th is da ta has been analyzed and inferences have 
been d r a w n on spect rum of va r iab i l i t y f o r spe­
c i f ic desirable t ra i ts . C o m p u t e r p r i n tou t s o f o u r 
manda te crops were supp l ied on request to va r ­
ious research organizat ions. 
G e r m p l a s m D i s t r i b u t i o n 
A t o t a l of 60 843 samples of manda te crops was 
d i s t r i bu ted th is year. These inc lude 11 547 s a m ­
ples of manda te crops to var ious d isc ip l ines 
w i t h i n I C R I S A T (Tab le 4 ) ma in l y f o r screening 
against va r ious b io t i c and ab io t i c stress fac tors . 
In a d d i t i o n , we d ispatched 32 075 samples to 
scientists i n I nd ia ma in l y f o r j o i n t I C R I S A T / 
N B P G R germp lasm eva lua t ion p r o g r a m , and 
17 221 samples to scientists in o ther count r ies 
( T a b l e 5 ) . 
S o r g h u m Germplasm 
Th i s year, 787 new accessions f r o m six count r ies 
were assembled by co l lec t ion and cor respon-
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T a b l e 5 . G e r m p l a s m s a m p l e s d i s t r i b u t e d b y G R U , I C R I S A T , d u r i n g 1 9 8 9 . 
C r o p 
S o r g h u m 
Pear l m i l l e t 
C h i c k p e a 
P igeonpea 
G r o u n d n u t 
M i n o r m i l l e ts 
T o t a l i n 1989 
C u m u l a t i v e t o t a l t o da te 
I C R I S A T 
Cen te r (1) 
3 0 2 1 
779 
3 8 6 3 
1056 
2 8 2 8 
11547 
4 3 8 539 
W i t h i n 
I n d i a (2) 
11569 
7 9 0 2 
4 2 3 9 
5 0 4 1 
2 8 7 6 
448 
3 2 0 7 5 
2 4 3 110 
O t h e r 
coun t r i es (3) 
5 2 3 6 
4 0 1 1 
4 5 8 6 
998 
2 0 6 4 
326 
17221 
2 3 5 744 
T o t a l samples 
d i s t r i b u t e d (1+2+3) 
19 826 
12692 
12688 
7 0 9 5 
774 
60 843 
9 17 393 
N o . o f 
coun t r ies 
25 
16 
14 
16 
12 
5 
-
-
p o p u l a r i n J h a b u a d is t r i c t o f M a d h y a Pradesh, 
because o f its shor t d u r a t i o n . T w o w i l d f o r m s , 
Sorghum miliaceum and Sorghum purpureoser-
iccum, were also co l lec ted in th is m iss ion . M o s t 
o f the landraces col lected f r o m M a d h y a Pradesh 
Figure 1. Collection of sorghum germplasm in the 
Malwa and Hoshangabad areas of Madhya Pradesh 
in collaboration with the National Bureau of Plant 
Genetic Resources (NBPGR), India. 
dence to o u r gene b a n k ra i s ing the t o t a l to 31 817 
( T a b l e 1). In J a n u a r y , we organ ized a co l l ec t i on 
m iss ion i n T a m i l N a d u i n c o l l a b o r a t i o n w i t h 
N B P G R R e g i o n a l S t a t i o n ( R S ) , T r i c h u r , Ke r ­
a la , and T a m i l N a d u A g r i c u l t u r a l Un ive rs i t y , 
C o i m b a t o r e , where 92 p r i m i t i v e landraces, i n ­
c l u d i n g a rare w i l d species of Sorghum stapfii, 
were co l lec ted . In F e b r u a r y , we organ ized a co l -
lec t ion miss ion to post ra iny-season s o r g h u m -
g r o w i n g areas o f M a h a r a s h t r a and K a r n a t a k a i n 
c o l l a b o r a t i o n w i t h N B P G R - R S , Ra jendranagar , 
H y d e r a b a d , and M a h a t m a Phu le K r i s h i V i d y a -
peeth ( M P K V ) , R a h u r i , M a h a r a s h t r a , where w e 
co l lec ted 177 samples w h i c h p rom ise to be of 
great va lue in the I n d i a n post ra iny-season sor­
g h u m i m p r o v e m e n t p r o g r a m . I n c o l l a b o r a t i o n 
w i t h N B P G R , N e w D e l h i and J a w a h a r l a l N e h r u 
K r i s h i V i s h w a v i d y a l a y a ( J N K V ) , I n d o r e , w e 
organ ized a co l lec t ion miss ion d u r i n g November -
December t o M a l w a , H o s h a n g a b a d , K h a r g o n e , 
and K h a n d w a areas o f M a d h y a Pradesh ( F i g . 1), 
where we co l lec ted 155 samples w h i c h i nc luded 
landraces l i ke V i d i s h a , C h i k i n i , Peela a m l a , 
G e h u r i , Ka la tosa , D o d h a n a , Safed, N a n i b a i , 
G h u g g a r , D o o d m o g a r , A g y a p e l i , D h a n i , Nee l , 
A m n e r i , and c o n t r o l j o w a r . A m o n g these, Gehu r i 
i s s ta ted to be l i ke whea t , N a n i b a i is g o o d f o r 
p o p p i n g , and A g y a p e l i is t o l e ran t to Striga. 
C o n t r o l j o w a r l ooks l i ke ' H e g a r i ' ( C a u d a t u m -
k a f i r ) i n t r o d u c e d l o n g back f r o m U S A and i s 
-
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Figure 2. Joint evaluation of sorghum germplasm by 
sorghum breeders and germplasm scientists at the 
Bagauda farm, Kano, Nigeria to select diverse source 
material for use in the West African Sorghum Im-
provement Program (WASIP). 
A postra iny-season basic co l l ec t ion , cons t i -
t u ted a t I C R I S A T Center was sent t o M o h o l , 
P a r b h a n i ( M a h a r a s h t r a ) , A n n i g e r i and B i j a p u r 
( K a r n a t a k a ) , and T a n d u r and Ra jendranagar 
( A n d h r a Pradesh) , I n d i a , f o r eva lua t ion . Sor -
g h u m breeders f r o m N R C S and ag r i cu l tu ra l 
un ivers i t ies, and a so rghum botan is t and phys i -
o log is t f r o m I C R I S A T vis i ted the c rop , and 
selected 104 accessions fo r fu r the r test ing and 
u t i l i z a t i o n i n t h e I n d i a n p o s t r a i n y - s e a s o n 
p r o g r a m . 
A t o t a l o f 2010 ea r l y -ma tu r i ng so rghum g e r m -
p lasm accessions f r o m the w o r l d co l lec t ion was 
sown a t the Bagauda f a r m , K a n o , N iger ia , d u r -
i ng the ra iny season, f o r a systematic j o i n t eva-
l u a t i o n by s o r ghum breeders and ge rmp lasm 
scientists ( F i g . 2) to ident i fy p rom is ing l ines f o r 
use in the West A f r i c a n S o r g h u m I m p r o v e m e n t 
P r o g r a m ( W A S I P ) . Consider ing ma tu r i t y , agro-
n o m i c eliteness, and f reedom f r o m leaf diseases, 
96 IS numbers were selected. The Hega r i and 
be long to race D u r r a and race Gu inea (subrace 
R o x b u r g h i i ) . 
We g rew 1016 samples f r o m Botswana (29), 
C a m e r o o n (13) , Cen t ra l A f r i c a n Repub l i c (209), 
Ma ld i ves (10) , the Ph i l ipp ines (6), Rwanda (31), 
Venezuela (213), and Z i m b a b w e (505) in the 
P E Q I A f o r inspect ion , seed increase, and release. 
In the ra iny and pos t ra iny seasons, we charac-
ter ized 1005 new accessions at I C R I S A T Center. 
W i t h an ob jec t ive to p r o v i d e a wide range o f 
d iverse g e r m p l a s m to p roduce commerc ia l hy-
b r i ds , selected ag ronom ica l l y el i te landraces 
f r o m d i f fe ren t s o r g h u m - g r o w i n g countr ies i n 
A f r i c a and A s i a were crossed w i t h male-steri le 
l ines I C S A 73, I C S A 8 1 , I C S A 86, I C S A 92, 
2 9 6 A , and 2219A to test f o r fe r t i l i t y res tora t ion . 
O u t o f 917 F,s sown d u r i n g the ra iny season, 536 
f l owered late, and a m o n g the early l ines, 346 
were iden t i f i ed as restorers, 17 as ma in ta iners , 
and 18 as pa r t i a l restorers. The same set was also 
s o w n in the pos t ra iny season to c o n f i r m its 
behav io r . T h e newly iden t i f i ed mainta iners can 
be used in deve lop ing male steriles on diverse 
genet ic backg rounds , and restorers can be used 
in h y b r i d p r o g r a m as d i rect l ines or w i t h some 
i m p r o v e m e n t . 
We co l l abo ra ted w i t h N B P G R , N a t i o n a l Re-
search Cent re f o r S o r g h u m ( N R C S ) , Ra jend ra -
nagar ( A n d h r a Pradesh) and ag r i cu l tu ra l u n i -
versit ies in I n d i a , to evaluate 1000 selected 
g e r m p l a s m accessions f o r g ra in a t Ra jendra -
nagar , A k o l a , and C o i m b a t o r e (Tab le 3). Some 
65 accessions i nc lud ing 14 f r o m I C R I S A T con -
vers ion co l lec t ion have been selected by so rghum 
scientists f r o m N R C S , Rajendranagar, and sorghum 
breeders a t Pun jab rao K r i sh i V idyapee th ( P K V ) , 
A k o l a (Maha rash t ra ) . A t o ta l o f 1200 ge rm-
p lasm accessions f o r forage has been evaluated 
i n c o l l a b o r a t i o n w i t h N B P G R , Issapur (New 
D e l h i ) , I n d i a n Grassland and Fodde r Research 
Ins t i t u te ( I G F R I ) , Jhansi ( U t t a r Pradesh), and 
N R C S , Ra jendranagar . A t o t a l of 147 acces-
sions has been selected by forage breeders based 
on forage qual i t ies . Some o f t h e m , l i ke IS 131, IS 
2034, IS 2132, IS 3191, IS 3196, IS4717 , IS 4752, 
IS 6016, IS 6067, IS 6152, IS 6304, IS 6337, IS 
18667, and IS 20557, have been ident i f ied f o r 
u t i l i z a t i o n in forage improvemen t . 
rum has 40 ch romosomes (n=20) . Me ios is was 
regu la r in a l l species except S. australiens, where 
m u l t i v a l e n t f o r m a t i o n was observed. In S. nit-
idum, in a d d i t i o n to the 10 s tandard c h r o m o -
somes, three supe rnumera ry ch romosomes (B 
ch romosomes) were f o u n d in each po l l en m o t h e r 
cel l ( F i g . 3). 
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Figure 3. B chromosomes in S o r g h u m n i t i d u m s h o w -
ing five bivalents and IIB + IB chromosomes during 
diakinesis. 
Pearl Millet Germplasm 
We added 1435 accessions f r o m Bo tswana (17), 
B u r k i n a Faso (204), I n d i a (340), N ige r (5) , and 
Z i m b a b w e (869), ra is ing the t o t a l n u m b e r o f 
cu l t i va ted accessions in the gene b a n k to 21 231 
(Tab le 1). I n co l l abo ra t i on w i t h the M i n i s t r y o f 
R u r a l D e v e l o p m e n t , B a n g u i , Cen t ra l A f r i c a n 
R e p u b l i c ( F i g . 4 ) , we col lected 129 samples d u r ­
i ng J a n u a r y . Cons iderab le v a r i a t i o n i n sp ike 
shape, size, and compactness, g ra in co lo r , shape, 
and size was observed. Th i s ma te r i a l appears to 
be a g o o d source f o r wh i t e g ra in co lo r . A po in ted 
g e r m p l a s m co l l ec t i on miss ion t o n o r t h e r n T o g o 
was launched d u r i n g Augus t -Sep tember i n c o l ­
l a b o r a t i o n w i t h I C R I S A T Sahe l i an Cen te r , 
Sadore , N ige r , and D e p a r t m e n t o f A g r i c u l t u r a l 
Research, L o m e , T o g o , t o col lect e a r l y - m a t u r i n g 
f o r m s o f pear l m i l l e t ( F i g . 5). A t o t a l o f 480 
samples was co l lec ted. T h e m i l l e t breeder w h o 
pa r t i c i pa ted in the miss ion v isua l l y eva luated 
and selected 159 samples f r o m 50 d i f fe ren t 
f a r m e r s ' f ie lds and households . T o g o ge rmp lasm 
is a g o o d source f o r large g r a i n and ear ly m a t u ­
r i t y . I n c o l l a b o r a t i o n w i t h the Pak is tan A g r i c u l ­
t u r a l Research C o u n c i l , I s l amabad , m i l l e t - g row­
i n g areas a l o n g the borders o f the T h a r desert 
were exp lo red d u r i n g September and 150 sam­
ples w e r e c o l l e c t e d . I n c o l l a b o r a t i o n w i t h 
N B P G R - R S , A k o l a , we col lected 63 cu l t i va ted 
and 7 w i l d Pennisetum samples f r o m Western 
Ghats and a d j o i n i n g areas o f M a h a r a s h t r a , 
I n d i a , d u r i n g September -October . 
We grew 627 accessions f r o m A l g e r i a (11), 
Cen t ra l A f r i c a n Repub l i c (99) , C h a d (35), N iger 
(3) , N i g e r i a (5) , Sudan (10) , T o g o (458), and 
T u n i s i a (6) i n the P E Q l A . We evaluated and 
charac ter ized 2306 accessions a t I C R I S A T C e n -
Fe te r i t a f o r m s f r o m S u d a n and K a f i r s f r o m 
sou the rn A f r i c a were f o u n d p r o m i s i n g f o r var ­
ious a g r o n o m i c t ra i ts . 
Seeds of the 69 p r o m i s i n g accessions o f g e r m ­
p l a s m selected in S o m a l i a d u r i n g 1988 were 
increased a t I C R I S A T Center d u r i n g th is year 
and supp l ied to Eastern A f r i c a R e g i o n a l Cereals 
and Legumes ( E A R C A L ) N e t w o r k f o r test ing 
and u t i l i z a t i o n i n East A f r i c a n S o r g h u m I m ­
p r o v e m e n t P r o g r a m . 
C y t o l o g i c a l studies were conduc ted to deter­
m i n e the c h r o m o s o m e numbers o f the new ly 
acqu i red w i l d species of s o r g h u m . Sorghum nit-
idum, S. aff. stipoideum, S. stipoideum, S. mat-
arankense, S. brevicallosum have 10 c h r o m o -
somes each (n=5) ; 5. stapfii, and S. australiens 
have 20 c h r o m o s o m e s (n=10) ; wh i l e S. laxiflo-
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Figure4. In Central African Republic, wild relatives grow along with cultivated pearl millet, being collected by the 
national counterpart. 
Pro jec t ( A I C P M I P ) , Pune , M a h a r a s h t r a ; and 
T a m i l N a d u A g r i c u l t u r a l Un ivers i ty ( T N A U ) , 
C o i m b a t o r e , T a m i l N a d u , i n I nd ia . 
Pear l m i l l e t accessions col lected f r o m G h a n a 
and Bo tswana d u r i n g 1982 were space p lanted in 
qua ran t i ne i so la t i on area and the emerg ing 
heads were bagged. A t m a t u r i t y , 24 p lants f r o m 
f ive accessions f r o m G h a n a and seven p lan ts 
f r o m t w o accessions f r o m Botswana were selected, 
based on seed-set. The i r anthers were sh runk 
w i t h o u t shedd ing po l l en , and the p lants p r o ­
duced several aer ia l t i l lers. M a i n t a i n e r l ines were 
iden t i f i ed and the stable male-ster i le lines deve­
loped were D S A 5 9 - 1 , D S A 105, D S A 118, D S A 
134, and D S A 144-1 f r o m Ghana and P M C 23 
and P M C 30 f r o m Botswana. A l l the new ma le -
ter d u r i n g the ra iny season. A l l the new add i t ions 
f r o m nor theas te rn A n d h r a Pradesh, H a r y a n a 
( I n d i a ) , and Z i m b a b w e were classif ied i n to d i f ­
fe rent cu l t i va r g roups based on f l o w e r i n g , p lan t 
he ight , sp ike, and gra in characters. 
T h e effect o f g ra in m a t u r i t y on qua l i t y , v i a b i l ­
i t y , and longev i ty of pear l m i l le t seed was studied 
us ing a male-ster i le l ine D S A 105A. G e r m i n a ­
t i o n percentage, d r y mat te r accumu la t i on , and 
seedl ing v i go r were m a x i m u m at 28 days af ter 
p o l l i n a t i o n , bu t seeds harvested at 35 days af ter 
p o l l i n a t i o n surv ived longer than others under 
accelerated aging cond i t ions . 
We fu r the r evaluated 2000 diverse accessions 
each a t N B P G R - R S , J o d h p u r , Ra jas than ; A l l 
I n d i a C o o r d i n a t e d Pear l M i l l e t I m p r o v e m e n t 
Several n a t u r a l l y o c c u r r i n g mu tan t s i n c l u d i n g 
mid r ib less ones were i den t i f i ed . L e a f a n a t o m y o f 
the midr ib less m u t a n t showed reduc t i on in the 
n u m b e r o f vascu lar bund les , absence o f p r o m i ­
nent kee l , and reduc t i on in sc lerenchymatous 
tissue on b o t h abax ia l and adax ia l sides o f the 
large vascu lar bund les . These cause leaves to 
d r o o p i n the midr ib less m u t a n t s . Me ios is was 
s tud ied in the genus Pennisetum ( L . ) R i c h , hav-
i ng species w i t h c h r o m o s o m e numbers tha t are 
mu l t i p l es o f x=5,7 ,8 , and 9 . T h e occurrence o f 
h igher associat ions in three species: P. ramosum 
( H o c h s t . ) Schwein f . , P. schweinfurthii P i lger , 
and P. mezianum Leeke was a t t r i bu ted to h o m o l ­
ogy in the basic comp lemen t f o l l o w i n g dup l i ca ­
t i o n and d i f f e ren t i a t i on d u r i n g the e v o l u t i o n o f 
these species. Based on the h igher assoc ia t ion 
observed in the d i p l o i d c o m p l e m e n t o f P. schwe-
infurthii, i t was assumed tha t the c h r o m o s o m e 
c o m p l e m e n t in Pennisetum has evo lved f r o m a 
basic c h r o m o s o m e n u m b e r x=5 . T h e occurrence 
of P. ramosum w i t h c h r o m o s o m e n u m b e r x=5 
f u r t h e r suppor ts th is v iew. 
One spontaneous t r i p l o i d (3x=27) p lan t was 
iden t i f i ed a m o n g the d i p l o i d cy to types (2n=18) 
of P. hohenackeri Hochst. ex S teud . The t r i p l o i d 
p l an t resembled the d i p l o i d i n mos t m o r p h o l o g i ­
cal charac ters , except f o r the reduced n u m b e r o f 
sp ike lets . C h r o m o s o m e associat ions of 9 I I + 9 I 
were observed at d iak inesis and metaphase I . 
T h e b iva lents d i v i ded n o r m a l l y , w h i l e the u n i ­
valents lagged and f o r m e d a separate nucleus, 
w h i c h was i nc luded in one o f the daugh te r cells. 
On the basis o f these s tud ies, th is p l an t was 
cons idered to be an a l l o t r i p l o i d and m i g h t have 
o r i g i na ted as a spontaneous h y b r i d between 
d i p l o i d P. hohenackeri and an u n k n o w n te t ra -
p l o i d ( a m p h i d i p l o i d ) t a x o n w i t h one o f i ts 
g e n o m e s h o m o l o g o u s t o t h a t o f d i p l o i d 
P. hohenackeri 
M i n o r M i l l e ts G e r m p l a s m 
We assembled 308 new accessions cons is t ing o f 
277 f inger m i l l e t (Eleusine coracana [ L . ] Gaer tn . ) , 
ster i le l ines, except P M C 30 f l owe red ear ly and 
p roduced large g ra in . 
To de te rm ine the d i s t r i b u t i o n and geograph ic 
spec i f i c i t y o f ma le -s te r i l i t y ma in ta i ne rs , 428 d i ­
verse ge rmp lasm accessions represent ing va r i a ­
t i o n f r o m 12 count r ies were crossed w i t h a ma le -
ster i le l ine 5141 A. T h e F1 h yb r i ds were classi f ied 
e i ther as male fer t i le or male ster i le, based on 
an the r m o r p h o l o g y and the seed-set on bagged 
earheads. A m o n g these, 87 (20.3%) were classi­
f ied as male fe r t i le , 32 (7.5%) as male ster i le, 282 
(65.9%) as segregat ing f o r ma le f e r t i l i t y / m a l e 
s te r i l i t y , and 27 (6 .3%) behaved as male fe r t i l e in 
the r a i n y season and as male steri le in the pos t -
r a i n y season. Restorer l ines were d i s t r i bu ted in 
a l l the coun t r ies s tud ied , except C a m e r o o n and 
U S S R . M a i n t a i n e r l ines were observed f r o m 
several coun t r i es , bu t mos t were concen t ra ted in 
I n d i a . T h e y m a y p rove to be usefu l sources o f 
m a t e r i a l f o r genera t ing new male-s ter i le l ines. 
T h e restorers can be used to p roduce c o m m e r c i a l 
hyb r i ds . 
Figure 5. Early-maturing pearl millet from Togo with 
large spikes and grains (selected by farmers for use as 
seed) were collected by ICRISAT and will be very 
useful in millet i m p r o v e m e n t . 
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Pigeonpea Germplasm 
We added 132 p igeonpea accessions o r i g i n a t i n g 
f r o m I n d i a (51), Z a m b i a (49), Kenya (16), I t a l y 
(11) , Sa in t L u c i a (2) and one each f r o m A u s t r a ­
l i a , B raz i l , and Jamaica , ra is ing the gene b a n k 
t o t a l to 11172 f r o m 52 count r ies (Tab le 1). A 
t o t a l o f 87 samples o r i g i na t i ng f r o m Venezuela 
(84), Cen t ra l A f r i c a n Repub l i c (2) , and M a l d i v e s 
(1) was sown in the P E Q I A f o r inspect ion and 
f u r t he r release. In a j o i n t I C R 1 S A T / N B P G R 
g e r m p l a s m e x p l o r a t i o n miss ion t o T r i p u r a , f o u r 
p igeonpea accessions and t w o Atylosia species 
were col lected d u r i n g November -December . 
We sowed 617 accessions fo r cha rac te r i za t i on , 
w h i c h inc lude 209 new col lect ions and 408 acces­
sions w i t h incomple te da ta f r o m ear l ier eva lua ­
t ions . The c rop stand and g r o w t h were excel lent 
f o r co l lec t ing da ta f r o m most o f these accessions, 
w i t h a large n u m b e r o f branches ( F i g . 6). We also 
tested f ive sets of ge rmp lasm accessions f r o m 
M a d h y a Pradesh ( Ind ia ) f o r a g r o n o m i c pe r fo r ­
mance in re lat ive ly larger and rep l icated p lo ts . 
Some very super ior l ines iden t i f i ed were I C C 
14614, I C C 14627, I C C 14817, I C C 15115, and 
I C C 15129. A set of 1200 l o n g - d u r a t i o n ch ick -
peas was evaluated a t N B P G R , Issapur ( N e w 
De lh i ) and f ive ag ronomica l l y super io r l ines I C C 
97, I C C 602, I C C 1022, I C C 1362, and I C C 
10495 were iden t i f i ed . A n o t h e r set of 1200 sho r t -
d u r a t i o n accessions was evaluated at A k o l a and 
22 lines w i t h better local adapta t ion were selected. 
We summar ized data on character co r re la ­
t ions in ch ickpea on a set of 25 sho r t - and 
m e d i u m - d u r a t i o n accessions tha t represent the 
widest possible range fo r the m o r p h o a g r o n o m i c 
t ra i ts . In terest ing observat ions no ted are t ha t 
leaf area is pos i t ive ly associated w i t h seed mass 
bu t had negat ive co r re l a t i on w i t h n u m b e r o f 
pods , seeds p o d - 1 , seed y i e l d , and seed p r o t e i n 
con ten t . We observed negat ive cor re la t ions be­
tween seeds p o d - 1 vs seed mass and seed p r o t e i n 
vs seed mass, wh i le days to f l o w e r i n g ind i ca ted 
inverse re la t ionsh ip w i t h the seed y ie ld . 
11 f o x t a i l m i l l e t (Setaria italic a Beauv.) , and 20 
b a r n y a r d m i l l e t (Ech inoch loa colona [ L . ] L i n k . ) 
f r o m I n d i a (103), Tanzan ia (17), and Z i m b a b w e 
(188) , ra i s ing the t o t a l gene bank ho ld ings to 
6918 (Tab le 1). We received 72 accessions of 
f i nger m i l l e t and f o x t a i l m i l l e t f r o m Ma ld ives , 
T a i w a n , and Z i m b a b w e w h i c h were sown in the 
P E Q I A f o r inspec t ion and release. A to ta l o f 316 
accessions o f f inger m i l l e t (281), f ox ta i l m i l le t 
(11) , and b a r n y a r d m i l l e t (24) was rejuvenated 
d u r i n g the year. We supp l ied 774 accessions to 
D j i b o u t i , Federa l Repub l i c o f Germany , I nd i a , 
K e n y a , and Z i m b a b w e f o r u t i l i za t ion i n the i r 
c r o p i m p r o v e m e n t p rog rams . 
Chickpea Germplasm 
W i t h the a d d i t i o n o f 376 samples, the w o r l d 
co l l ec t i on has increased to 15 940 accessions 
(Tab le 1). The new accessions are f r o m Bang la­
desh (3) , E t h i o p i a (9) , I n d i a (191), I r a n (3), M e x ­
ico (1), Pak is tan (2), Syr ia (162), and Tanzania (5). 
In B iha r , I n d i a , we carr ied ou t a germplasm 
co l l ec t i on miss ion in co l l abo ra t i on w i t h the 
N B P G R - R S , C u t t a c k , Or issa and the Ra jend ra 
A g r i c u l t u r a l Un ive rs i t y , D h o l i , B ihar d u r i n g 
M a r c h - A p r i l where we col lected 89 samples. 
Ch ickpeas f r o m B iha r arc the desi t ype , charac­
ter ized by sma l l seed size, o f ten w i t h spread ing 
g r o w t h hab i t , and o f m e d i u m d u r a t i o n . The m is ­
s ion i n M a l a w i was organ ized j o i n t l y w i t h the 
M i n i s t r y o f A g r i c u l t u r e , M a l a w i , d u r i n g Sep­
tember , where we col lected 36 samples. C h i c k -
peas in M a l a w i are g r o w n af ter the ra ins , on 
res idua l so i l mo is tu re , d u r i n g M a r c h - A p r i l t o 
Augus t -Sep tember . Ch i ckpea landraces in Ma-
l a w i are character ized by purp le f lowers , green 
stems, and angu lar , wh i te seeds. 
At Pa tanche ru , we sowed 796 accessions fo r 
p r e l i m i n a r y eva lua t ion and 1070 accessions were 
s o w n f o r seed increase. F o r re juvenat ion and 
seed increase, we sowed 142 accessions in w h i c h 
seed v i a b i l i t y decl ined to less t h a n 85%. We 
raised a set of 1200 m e d i u m - d u r a t i o n accessions 
as pa r t of a ge rmp lasm m u l t i l o c a t i o n a l eva lua­
t i o n and i den t i f i ed a spontaneous d w a r f m u t a n t 
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Figure 6. Scientists examining ICC 3644, a new chickpea type having long fruiting branches, ICRlSAT Center, 
1989. 
I n c o l l a b o r a t i o n w i t h F o n d o N a c i o n a l d e 
Invest igac iones Agropecuar ias ( F O N A I A P ) , w e 
assembled a w o r k i n g co l lec t ion of 1000 p igeon-
pea accessions in Venezuela and character ized 
500 accessions f o r i m p o r t a n t m o r p h o a g r o n o m i c 
t ra i t s (Tab le 3). We j o i n t l y ca r r ied ou t ag ro ­
n o m i c e v a l u a t i o n o f 56 el i te m id - l a te d u r a t i o n 
vegetable types. Select ion o f entr ies fo r th is t r i a l 
was based on o u r j o i n t e v a l u a t i o n o f el i te g e r m -
p lasm i n K e n y a , i n co l l abo ra t i on w i t h N a t i o n a l 
D r y l a n d F a r m i n g Research Center ( N D F R C ) , 
K e n y a ( F i g . 7). T h i r t e e n entr ies o f th is t r i a l 
y ie lded over 2 t h a - 1 , three entr ies ( I C P 12069 
and I C P 12143 f r o m T a n z a n i a , and I C P 7613, 
I n d i a ) y ie lded over 3 t ha - 1 , wh i le the average 
y ie ld in Venezuela i n c l u d i n g t ha t o f the released 
We grew 1300 accessions f o r r e j uvena t i on and 
seed increase, i n c l u d i n g 34 accessions w i t h l o w 
seed v i a b i l i t y ( < 8 5 % ) . We car r ied ou t studies on 
v a r i a b i l i t y in seed p r o t e i n con ten t and c o o k i n g 
t i m e i n c o l l a b o r a t i o n w i t h the B iochem is t r y 
U n i t . We raised 45 entr ies to test p r o t e i n con ten t 
and 40 entr ies to test c o o k i n g t ime in three r e p l i ­
ca t ions . We screened 207 accessions f o r p h o -
t o p e r i o d insens i t i v i ty ou t o f w h i c h 90 accessions 
were iden t i f i ed as less sensit ive. 
I n c o l l a b o r a t i o n w i t h N B P G R , I n d i a , w e are 
e v a l u a t i n g 1000 m e d i u m - d u r a t i o n accessions 
each a t A k o l a and V a d o d a r a i n a d d i t i o n t o 
Pa tancheru . We are also eva lua t ing 1000 l o n g -
d u r a t i o n accessions a t K a n p u r and 500 a t D h o l i 
(Tab le 3). 
G e r m p l a s m C h a r a c t e r i z a t i o n 
i n S A D C C 
We sowed 1413 so rghum accessions f r o m the 
S A D C C reg ion i n three d i f fe ren t loca t ions a t 
A is leby ( i r r iga ted) , M z a r a b a n i ( ra in fed , l ow a l t i ­
tude) , b o t h i n Z i m b a b w e , and l longa, T a n z a n i a 
( long-season, ra infed) f o r eva lua t ion and char ­
ac ter iza t ion . We recorded 14 descr ip tors and 
analyzed some o f t hem. Seedl ing v igo r was m o r e 
than average in a number of accessions f r o m 
Leso tho (98%), A n g o l a (87%), and Bo t swana 
(86%). Three accessions, IS 23784 and IS 23790 
( f r o m M a l a w i ) , and IS 23253 ( f r o m Z a m b i a ) , 
had b r o w n m i d r i b co lor . The d o m i n a n t m i d r i b 
co lo r i n the S A D C C accessions was wh i te (43%) 
f o l l o w e d by ye l low (28%) and d u l l green (22%). 
Very few (3.4%) of the accessions had m o s t l y 
w a x y b l o o m , wh i le 11.3% had m e d i u m waxiness 
and 30%; had no w a x y b l o o m . Seed co lo r in the 
region's ge rmp lasm ranged f r o m wh i te to c ream 
(s t raw) ( b o t h 6 6 % o f to ta l ) to b r o w n (30%) and 
red (4%) . Th is observa t ion is in terest ing in re la ­
t i o n to the issue o f b i rd damage and gra in u t i l i za ­
t i o n in the reg ion. Coun t ryw ise c lassi f icat ion 
based on seed co lo r shows that ind igenous 
fa rmers ' variet ies are mos t l y whi te in Bo tswana 
(62%) , Leso tho (77%), M a l a w i (73%), and Z i m ­
babwe (68%). In Tanzan ia , b o t h wh i te (55%) -
and b r o w n (45%)-seeded variet ies are g r o w n 
a lmos t equa l l y . I t i s on ly in Swaz i land tha t mos t 
ind igenous sorghums are b r o w n (69%) seeded. 
T w o accessions IS 24042 and IS 24120, f r o m 
Tanzan ia , have an average of eight synchronous 
t i l lers w i t h very smal l c igar-shaped compac t 
heads w h i c h m a y be useful as forage types. 
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1989, the O R S T O M team con t i nued to i nves t i ­
gate the genetic d ivers i ty in cu l t i va ted pear l 
m i l l e t (Pennisetum glaucum) and its w i l d p r o ­
gen i tor (P . violaceum) and the genetic barr iers to 
na tu ra l crossing between these t w o bo tan i ca l 
f o rms . F o r detai ls, see Pearl M i l l e t sect ion of th is 
A n n u a l Repor t under ' E v o l u t i o n a r y Genet ics o f 
Pennisetum' . 
W e s t A f r i c a - I S C 
The breed ing s u b p r o g r a m o f the I S C Pear l 
M i l l e t I m p r o v e m e n t P r o g r a m hosts a team of 
t w o geneticists f r o m the I ns t i t u t f rancais de 
recherche sc ient i f ique p o u r le developpement en 
c o o p e r a t i o n ( O R S T O M ) tha t investigates the 
o r i g i n and domes t i ca t i on o f pear l m i l l e t . D u r i n g 
A t I C R I S A T Center we grew 3991 accessions 
th is year, in t w o seasons, f o r seed increase, eval­
u a t i o n , and charac te r i za t ion . We also evaluated 
m a n y new accessions assembled recently. Fo r 
co l laborat ive mu l t i l oca t iona l evaluat ion of germ­
p lasm t h r o u g h a j o i n t I C R I S A T / N B P G R p r o ­
g r a m , a set of 1000 accessions each was suppl ied 
t o N B P G R - R S , A k o l a , and N a t i o n a l Research 
Cent re f o r G r o u n d n u t ( N R C G ) , Junagadh. 
Lack of f resh seed d o r m a n c y has been a ma jo r 
cons t ra i n t i n g r o u n d n u t cu l t ivars be long ing to 
A. hypogaea ssp fastigiata, wh ich domina te 
w o r l d c u l t i v a t i o n . Hence, we screened genotypes 
f o r f resh seed d o r m a n c y in th is subspecies. Th is 
year, we tested 968 f reshly harvested accessions 
under o p t i m u m cond i t i ons o f temperature and 
h u m i d i t y and ident i f ied 57 accessions hav ing 
f resh seed d o r m a n c y f o r a m i n i m u m of 30 days. 
We have in i t i a ted ef for ts to b roaden the 
genet ic base of A. hypogaea t h r o u g h in t rogres-
s ion of desi rable t ra i ts f r o m w i l d Arachis species 
i n t o A. hypogaea. To start w i t h , an accession of 
a compa t i b l e d i p l o i d species A. correntina (2n= 
20) (sect ion Arachis), w i t h mu l t i p l e resistance 
was successful ly crossed w i t h three cu l t ivars 
b e l o n g i n g t o t h r e e b o t a n i c a l v a r i e t i e s o f 
A. hypogaea, whence F0 seeds were ob ta ined . 
O u r e f for ts to cross another i ncompat ib le spe­
cies A. paraguariensis (be long ing to sect ion 
Erectoides) w i t h A. hypogaea have not been suc­
cessful. We are a t temp t ing to unders tand the 
bar r ie rs to h y b r i d i z a t i o n and to f i nd sui table 
techn ique to hybr id i ze th is species w i t h A. hypo-
gaea. At present , a t tempts are be ing made to 
cross th is species w i t h a d i p l o i d species of sect ion 
Arachis, w h i c h also conta ins t e t rap lo id c u l t i ­
vated species A. hypogaea. 
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gloeosporioides, on s o r g h u m seeds f o r the f i r s t 
t ime . We assisted N B P G R in the release o f 
hea l thy i m p o r t e d ge rmp lasm tha t I C R I S A T 
ob ta i ned f r o m va r ious c o l l a b o r a t i n g agencies by 
c a r r y i n g ou t coopera t i ve f ie ld inspect ions in the 
P o s t - E n t r y Qua ran t i ne I so la t i on A r e a ( P E Q I A ) 
( F i g . 1). 
In v iew o f the recent changes made in the 
I n d i a n p lan t qua ran t i ne regu la t ions f o r the p u r ­
pose o f i m p o r t o f seeds i n t o I n d i a , we l iaised 
w i t h the M i n i s t r y o f A g r i c u l t u r e , G o v e r n m e n t o f 
I n d i a , f o r r egu la t i ng I C R I S A T seed i m p o r t s o n 
the same basis as in the o ther ins t i tu tes under the 
I n d i a n C o u n c i l o f Ag r i cu l t u ra l Research ( I C A R ) . 
The D i r e c t o r , N B P G R , has since been a u t h o -
r ized to issue i m p o r t pe rmi ts f o r ge rmp lasm 
i m p o r t s b y I C R I S A T , thus enab l i ng exped i t i ous 
i m p o r t o f seeds and p lan t ma te r ia l . 
P l a n t Q u a r a n t i n e 
Plan t qua ran t i ne is car r ied ou t by the N a t i o n a l 
Bu reau o f P lan t Genet ic Resources ( N B P G R ) , 
the na t i ona l p lan t qua ran t i ne services, f o r a l l 
I C R I S A T seed and p lan t ma te r i a l . D u r i n g 1989, 
a t the P lan t Q u a r a n t i n e U n i t we processed and 
c e r t i f i e d seed m a t e r i a l f o r e x p o r t , a n d the 
N B P G R ' s P lan t Q u a r a n t i n e R e g i o n a l S ta t i on a t 
H y d e r a b a d cleared the new p lan t i n t r oduc t i ons 
p r o c u r e d b y I C R I S A T . W e p rov i ded act ive 
assistance to N B P G R in processing seeds f o r 
e x p o r t , m a k i n g sure they are free f r o m q u a r a n ­
t ine objects by us ing inspec t ion m e t h o d o l o g y 
a imed at ' exc lus ion ' . We f u m i g a t e d seeds and 
tested t h e m by b lo t te r and agar p la te as we l l as 
by wash ing me thods . We recorded Glomerella 
cingulata, the perfect stage of Colletotrichum 
Figure 1. New sorghum introductions for Cooperative Cereals Research Network (CCRN) being inspected jointly 
by NBPGR/ICRISAT staff in the PEQIA. 
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P l a n t M a t e r i a l E x p o r t s 
D u r i n g the year, we expo r ted t o ta l quan tum o f 
3700 kg of seed ma te r i a l compr i s i ng 42 401 seed 
samples o f I C R I S A T manda te crops and m i n o r 
m i l l e t s , 94 un i ts o f r h i z o b i a l , myco r rh i za l , and 
f u n g a l cu l tu res , and 1320 samples of p lant mate­
r i a l o f several c rops to scientists and cooperators 
in 93 count r ies (Tab le 1). W h i l e 359 sets of 56 
d i f f e ren t t r ia ls and nurseries f o rmed the ma jo r 
p o r t i o n o f the expor t s , the other types o f mate­
r ia l sent i nc luded ge rmp lasm accessions f r o m the 
gene bank , pest- and disease-resistant genotypes, 
l ines fo r screening against v i ruses, and samples 
fo r f ood qua l i t y and b iochemica l analyses. T h e 
wide var ie ty o f p lan t ma te r ia l d ispa tched c o n ­
sisted of green g r a m (Vigna radiata), b lack g r a m 
(Vigna mungo), and cowpea (V igna unguicu-
lata) to compare the i r behav io r in d r o u g h t s i tua-
t ions ; pear l m i l l e t stems, leaves, and sheath 
tissue f o r ana lyz ing componen ts f o r f odde r q u a l ­
i t y , p igeonpea p lant tissue f o r 15 N d e t e r m i n a ­
t i o n ; d i f fe rent p lant par ts of castor (Ricinus 
communis), maize (Zea mays), neem (Azaridicta 
indica), th read-awned grass (Aristida adscensi-
onis), rhodes grass (Chloris barbata), pa ra grass 
T a b l e 1 . S e e d a n d p l a n t m a t e r i a l e x p o r t s o f I C R I S A T m a n d a t e c r o p s d u r i n g 1 9 8 9 . 
C o u n t r y 
A f r i c a 
A l g e r i a 
B e n i n 
B o t s w a n a 
B u r k i n a F a s o 
C a m e r o o n 
C a p e Ve rde 
C h a d 
C o t e d ' l v o i r e 
D j i b o u t i 
E g y p t 
E t h i o p i a 
G h a n a 
G u i n e a 
K e n y a 
L i b y a 
M a l a w i 
M a l i 
M o r o c c o 
M o z a m b i q u e 
N a m i b i a 
N i g e r 
N i g e r i a 
R w a n d a 
Senega l 
S o r g h u m 
192 
284 
697 
7 
14 
50 
141 
343 
283 
1009 
25 
1686 
50 
748 
392 
Pear l 
m i l l e t 
2 
11 
19 
13 
1 
1 6 5 3 
17 
C h i c k p e a 
270 
823 
275 
10 
12 
7 
18 
P igeonpea 
131 
3 
2 
20 
30 
2 
110 
690 
128 
4 
12 
15 
20 
M i n o r 
G r o u n d n u t m i l l e ts O t h e r s 
75 
17 
1 
10 
10 
123 4 
32 
1 2 3 7 
572 
12 
Continued 
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T a b l e 1 . Continued. 
C o u n t r y 
S o m a l i a 
S u d a n 
S w a z i l a n d 
T a n z a n i a 
T h e G a m b i a 
T o g o 
T u n i s i a 
Z a i r e 
Z a m b i a 
Z i m b a b w e 
Asia 
B a n g l a d e s h 
B a h r a i n 
B h u t a n 
I n d o n e s i a 
I r a n 
I r a q 
I s r a e l 
J a p a n 
K o r e a , R e p u b l i c o f 
M a l a y s i a 
M a u r i t i u s 
M y a n m a r 
N e p a l 
O m a n 
P a k i s t a n 
Peop le 's R e p u b l i c o f C h i n a 
S a u d i A r a b i a 
S r i L a n k a 
S y r i a 
T a i w a n 
T h a i l a n d 
T h e P h i l i p p i n e s 
V i e t n a m 
Y e m e n A r a b R e p u b l i c 
T h e Amer icas 
A r g e n t i n a 
Be l ize 
B o l i v i a 
B r a z i l 
C a n a d a 
C h i l e 
S o r g h u m 
242 
75 
176 
1 194 
4 2 
375 
264 
20 
55 
144 
6 
682 
649 
20 
321 
363 
5 
50 
98 
Pear l 
m i l l e t 
32 
65 
124 
8 
20 
22 
21 
4 
C h i c k p e a 
206 
161 
150 
96 
746 
10 
1 0 9 0 1 
8 
487 
850 
649 
18 
81 
4 0 8 1 
365 
353 
150 
150 
24 
217 
155 
P i g e o n p e a 
1 
2 4 
2 
4 
2 
145 
7 
155 
205 
271 
6 0 
6 
47 
603 
100 
378 
7 
59 
116 
65 
222 
50 
88 
99 
2 
G r o u n d n u t 
4 9 
73 
15 
9 
50 
2685 
2 2 
29 
10 
130 
76 
73 
125 
63 
31 
24 
6 2 
116 
4 8 
17 
6 
M i n o r 
m i l l e t s 
193 
80 
200 
270 
O t h e r s 
6 
72 
8 
6 
Continued 
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T a b l e 1 . Continued. 
C o u n t r y 
C u b a 
E l S a l v a d o r 
G r e n a d a 
G u a t e m a l a 
H a i t i 
H o n d u r a s 
M e x i c o 
N i c a r a g u a 
P a r a g u a y 
P e r u 
T r i n i d a d a n d T o b a g o 
U S A 
V e n e z u e l a 
E u r o p e 
B e l g i u m 
C y p r u s 
Federa l Repub l i c o f G e r m a n y 
F r a n c e 
Greece 
G e r m a n D e m o c r a t i c Repub l i c 
I t a l y 
P o l a n d 
P o r t u g a l 
S p a i n 
T h e N e t h e r l a n d s 
T u r k e y 
U K 
U S S R 
Oceania 
A u s t r a l i a 
F i j i 
T o t a l 
S o r g h u m 
50 
72 
25 
3 2 4 4 
5 
10 
1209 
5 
61 
2 
157 
10 
3 
26 
51 
15 632 
Pear l 
m i l l e t 
28 
18 
5 
6 
6 
3 
9 
30 
19 
2 1 3 6 
C h i c k p e a 
460 
150 
174 
132 
10 
22 
1 
260 
331 
85 
6 
5 
66 
13 164 
P igeonpea 
186 
13 
96 
3 
301 
5 3 
1 
2 
10 
5 
10 
4 5 6 5 
G r o u n d n u t 
7 
4 
26 
53 
2 
163 
22 
3 
45 
28 
6 0 9 5 
M i n o r 
m i l l e t s 
1 
1 
1 
809 
O t h e r s 
15 
2 1 
1 1 9 1 
1 3 2 0 
(B rach ia r i a cruciformis), spear grass (Hetero-
pogon contort us), be rmuda grass (Cynadon dac-
tylori), p i t t ed blue grass (Bothriocloa pertusa), 
and marve l grass (Dicanthium annulatum) f o r 
assessment o f the dev ia t i on o f iso top ic contents 
o f ( a n d N . D r i e d cysts o f p igeonpea cyst nema­
tode (Hcterodera cajani) f o r DN A analysis, and 
rus t - (Puccinia penniseti) in fected pear l m i l l e t 
leaves, and samples of rust uredospores f o r 
d e t e r m i n a t i o n o f the i r correct t a x o n o m y and 
compara t i ve m o r p h o l o g y t h r o u g h greenhouse 
exper iments also f o rmed a par t of the m a t e r i a l 
expo r ted . 
Several pathogens o f p lant quaran t ine i m p o r -
T a b l e 2 . S e e d a n d p l a n t m a t e r i a l i m p o r t s o f I C R I S A T m a n d a t e c r o p s m a d e d u r i n g 1 9 8 9 . 
C o u n t r y 
Afr ica 
C a m e r o o n 
C e n t r a l A f r i c a n R e p u b l i c 
E t h i o p i a 
K e n y a 
M a l a w i 
N i g e r 
N i g e r i a 
R w a n d a 
T o g o 
Z i m b a b w e 
Asia 
I r a n 
N e p a l 
P a k i s t a n 
S y r i a 
T a i w a n 
T h a i l a n d 
T h e P h i l i p p i n e s 
T h e Amer icas 
M e x i c o 
U S A 
V e n e z u e l a 
E u r o p e 
C y p r u s 
I t a l y 
T u r k e y 
U K 
Oceania 
A u s t r a l i a 
T o t a l 
S o r g h u m 
13 
209 
28 
120 
14 
31 
33 
411 
6 
46 
3 
13 
4 7 
45 
213 
6 
734 
1972 
Pea r l 
m i l l e t 
99 
70 
458 
1 
163 
1 
792 
C h i c k p e a 
1 
36 
60 
43 
21 
3 
17 
1 
182 
P i g e o n p e a 
2 
84 
105 
191 
M i n o r 
G r o u n d n u t m i l l e t s 
115 
1 
80 
14 
29 
13 
2 
225 29 
O t h e r s 
10 
10 
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tance such as Ascochyta rabiei, Claviceps fusi-
formis, C. sorghi, Colletotrichum cajani, Fusa-
rium oxysporum f. sp ciceri, Peronosclerospora 
sorghi, Sclerospora graminicola, Sphacelotheca 
cruenta, S. reliana, S. sorghi, Tolyposporium 
ehrenbergii, T. penicillariae, Xanthomonas 
campestris, and peanut m o t t l e v i rus were in te r ­
cepted d u r i n g the seed p a t h o l o g y studies of 
g e r m p l a s m f o r e x p o r t , accoun t i ng f o r 2 .2% de­
t e n t i o n of samples s u b m i t t e d f o r processing. A 
c r i t i ca l s tudy of the records f r o m 1982 to 1989 
revealed the occurrence of 157 m i c r o f l o r a be long-
ver ts , and the fence on the f a r m area (1390 ha ) , 
us ing 18 338 machine hours . A l l ha rves t ing , 
th resh ing , and seed d r y i n g requ i rements t o o k 
7 202 machine hours (Table 2). We weeded abou t 
306 ha e m p l o y i n g 15 730 t e m p o r a r y f a r m l a b o u r 
( T F L ) averag ing 51 man-days ha" 1 (Tab le 3). 
D u r i n g the year, we received and a t tended to 
3873 w o r k requests f o r var ious f ie ld opera t ions 
(Tab le 4). 
On the basis of insect survei l lance da ta (Tab le 
5), we sprayed pesticides when considered neces­
sary by concerned scientists. We sprayed h e r b i ­
cides to c o n t r o l weeds (F ig . 1). 
We app l ied very l i t t le i r r i g a t i o n d u r i n g the 
T a b l e 2 . U s e o f f a r m m a c h i n e r y d u r i n g 1 9 8 9 . 
I t e m s 
T i l l a g e , s o w i n g c u l t i v a t i o n , 
and research suppo r t (408 ha) 
F a r m m a i n t e n a n c e , a n d 
i m p r o v e m e n t s (1390 ha) 
H a r v e s t i n g , t h r e s h i n g , and 
d r y i n g (408 ha) 
M a c h i n e 
h o u r s 
12088 
18 338 
7 202 
M a c h i n e 
hou rs h a - 1 
29 
13 
17 
Post -en t ry Q u a r a n t i n e Iso la t ion 
A r e a ( P E Q I A ) 
T h e seeds a n d seedlings released by N B P G R 
were subjected to postent ry g rowou t in the 
P E Q I A under str ic t quaran t ine cond i t ions f o r 
obse rva t i on d u r i n g one g r o w i n g season to deter­
m ine whe the r or no t they were free f r o m pests. 
Th i s canno t be easily detected by inspect ion at 
the t ime of en t ry . We grew a t o ta l o f 2241 sam­
ples of the manda te crops and minor mi l le ts 
under the superv is ion o f the N B P G R / I C R I S A T 
personne l , observed un t i l f reedom f r o m pests 
and diseases was assured and heal thy p rogeny 
released to us f o r u t i l i za t i on . 
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i n g to 74 d i f fe ren t genera, on the seeds of the 
manda te crops. There are 54 hos t /pa thogen 
in te rac t ions in w h i c h the pa thogen is repor ted to 
be seed borne in one or m o r e o f ou r crops, ou t o f 
w h i c h on l y 14 are of quaran t ine impor tance. 
T a b l e 1 . A r e a u n d e r e x p e r i m e n t a t i o n , e x c l u d -
i n g w a t e r s h e d s , d u r i n g 1 9 8 9 . 
C r o p s 
Pear l m i l l e t 
S o r g h u m 
C h i c k p e a 
G r o u n d n u t 
P igeonpea 
R M P f ie lds 
T r a i n e e s ' f ie lds 
P o s t e n t r y q u a r a n t i n e 
f ie lds 
O t h e r s 
T o t a l 
R a i n y 
season 
(ha) 
42.22 
46.17 
0 .50 
54.85 
52.27 
23.99 
12.31 
0.30 
13.42 
246.03 
P o s t r a i n y 
season 
(ha ) 
27.96 
43 .71 
47 .90 
21 .10 
7.04 
2.40 
0.00 
4 .16 
8.32 
162.59 
T o t a l 
(ha ) 
70.18 
89.88 
48 .40 
75.95 
59.31 
26.39 
12.31 
4 .46 
21 .74 
408 .62 
P l a n t M a t e r i a l I m p o r t s 
T h e N B P G R released 50 cons ignments compr is -
i ng 3401 seed and p lan t samples of the mandate 
crops and m i n o r mi l le ts f r o m 25 countr ies (Table 
2). I t also released one cons ignment of so i l , and 
ano the r o f pepper , wa te rme lon , and t o m a t o 
seeds. T h e s o r g h u m and g r o u n d n u t releases also 
inc luded samples f o r b iochemica l and food q u a l ­
i t y analyses. 
F a r m D e v e l o p m e n t 
a n d O p e r a t i o n s 
I C R I S A T C e n t e r 
O p e r a t i o n s a n d S e r v i c e s 
D u r i n g 1989, we sowed 408 ha o f exper imen ta l 
c rops (Tab le 1). We spent 12 088 machine hours 
on land p repa ra t i on , sow ing , and cu l t i va t i on . 
We ma in ta i ned and i m p r o v e d roads , d ra ins , c u l -
Development Activities 
A Sen io r Engineer f r o m F D O car r ied ou t deve l ­
o p m e n t w o r k a t K a n o (N ige r i a ) f o r the West 
A f r i c a n S o r g h u m I m p r o v e m e n t P r o g r a m 
( W A S I P ) . He also t rave led to V i e t n a m f o r a 
1 -mon th consu l tancy on g r o u n d n u t seed h a n d ­
l i ng and storage. O u r L a n d Deve lopmen t E n g i ­
neer v is i ted K e n y a and developed 11 ha of l and 
a t K i b o k o f o r the Eastern A f r i c a Reg iona l 
Cereals and Legumes ( E A R C A L ) P r o g r a m . W e 
comp le ted the dra inage system at the G w a l i o r 
Coope ra t i ve Research S ta t i on by cons t ruc t i ng a 
ca tchmen t t a n k and insta l led an u n d e r g r o u n d 
i r r i g a t i o n system at the A n a n t a p u r Coopera t i ve 
Research S ta t i on . 
We rec la imed add i t i ona l land in the Post -
E n t r y Q u a r a n t i n e I so la t i on A r e a ( P E Q I A ) f o r 
g r o w i n g ma te r ia l f o r the Coopera t i ve Cereals 
Research N e t w o r k ( C C R N ) , and improved d r a i n ­
age in the s ix f ie lds at the Center . We const ruc ted 
new cu lver ts , and erected cu lver t ind ica to rs on 
m a i n t ra f f i c roads to i m p r o v e safety measures. 
We establ ished tree belt in the dra inage areas by 
s o w i n g 5000 sapl ings to p ro tec t the l a n d and 
i m p r o v e the env i r onmen t . 
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T a b l e 3 . W e e d i n g b y t h e t e m p o r a r y f a r m l a b o r 
( T F L ) , a r e a w e e d e d , m a n - d a y s , a n d m a n - d a y s 
h a - 1 , d u r i n g 1 9 8 9 . 
C r o p s 
Pear l m i l l e t 
S o r g h u m 
C h i c k p e a 
G r o u n d n u t 
P i g e o n p e a 
G R U f ie lds 
P o s t e n t r y 
q u a r a n t i n e f ie lds 
R M P f ie lds 
T r a i n e e s ' f ie lds 
T o t a l 
W e e d i n g 
A r e a 
(ha ) 
74.34 
43 .40 
64.39 
71.45 
32.67 
5.70 
6.70 
4.15 
3.70 
306.50 
M a n - d a y s 
3 4 2 1 . 0 0 
1 906 .50 
1 575.50 
4 982.00 
2 4 4 4 . 0 0 
448.00 
417.00 
328.50 
208.00 
15 730.50 
M a n - d a y s 
h a - 1 
46.02 
43.93 
24.47 
69.73 
74.80 
78.59 
62.23 
79.15 
56.22 
51.32 
ra iny season since ra ins were we l l d i s t r i bu ted 
and in abundance , bu t in the pos t ra i ny season, 
we i r r i ga ted most crops t h r o u g h o u t the season 
( F i g . 2). We met a l l the service requ i rements f o r 
greenhouse exper iments and ma in ta i ned the 
campus landscape. 
T a b l e 4 . F a r m o p e r a t i o n s r e q u e s t s a t t e n d e d t o d u r i n g 1 9 8 9 . 
P r o g r a m 
Cerea ls 
L e g u m e s 
R M P 
G R U 
T r a i n i n g 
P o s t e n t r y q u a r a n t i n e f ie lds 
O t h e r s 
T o t a l 
N u m b e r o f requests 
F a r m 
m a c h i n e r y 
766 
4 6 2 
2 0 9 
37 
24 
2 0 
5 
1523 
I r r i g a -
t i o n 
180 
312 
5 
26 
2 
9 
-
534 
L a b o r 
o p e r a t i o n 
217 
184 
18 
7 
-1 
6 
-
432 
P lan t 
p r o t e c t i o n 
179 
353 
156 
13 
2 
2 
6 
711 
Seed 
p rocess ing 
208 
330 
9 6 
7 
20 
11 
1 
673 
T o t a l 
1550 
1641 
484 
90 
48 
4 8 
12 
3873 
1. - = No r e q u e s t s r e c e i v e d . 
Figure 1. Preemergence herbicide being sprayed alter sowing groundnut in a field at l C R l S A T Center, 1989. Note 
difference in color in treated and nontreated areas. 
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T a b l e 5 . I n s e c t pest i n c i d e n c e o n m a n d a t e c rops d u r i n g 1 9 8 9 . 
C r o p s 
S o r g h u m 1 
P e a r l m i l l e t 1 
G r o u n d n u t 2 
P i g e o n p e a 3 
C h i c k p e a 3 
Pests 
S h o o t f l y 
S t e m b o r e r 
Mythimna sp 
H e a d bugs 
Helicoverpa sp 
S h o o t b u g 
Mythimna sp 
L e a f m i n e r 
T h r i p s ( S C ) 
Spodoptera sp 
Helicoverpa sp 
L e a f w e b b e r 
Exalastis sp 
Helicoverpa sp 
Spodoptera sp 
J a n 
1.55 
2.77 
0.06 
1.16 
0.06 
2.86 
0.06 
1.73 
0.68 
1.09 
M o n t h l y means 
Feb 
1.07 
5.01 
0.10 
1.91 
0.01 
3.26 
0.04 
0.22 
2.86 
0.03 
0.27 
0.18 
1.02 
M a r 
0.50 
4.50 
5.19 
0.24 
3.77 
0.29 
0.60 
1.89 
0.08 
0.42 
0.01 
0.21 
A p r 
0.24 
5.13 
0.03 
10.84 
1.34 
4.60 
0.07 
1.10 
0.64 
0.07 
0.33 
0.02 
0.30 
M a y 
3.64 
0.06 
5.47 
2.58 
3.57 
0.03 
0.20 
0.42 
0.11 
0.01 
J u n 
0.23 
4.73 
0.09 
5.56 
2.25 
0.23 
0.66 
0.03 
0.01 
0.09 
J u l 
2.21 
1.92 
0.24 
0.13 
0.01 
2.12 
0.06 
0.18 
0.47 
0.02 
0.31 
A u g 
3.17 
5.56 
5.29 
0.86 
5.40 
7.02 
3.62 
0.86 
1.43 
0.11 
0.01 
0.71 
0.01 
0.15 
Sep 
0.88 
1.66 
1.88 
20.17 
7.18 
2.82 
0.65 
1.71 
1.36 
0.45 
0.52 
0.61 
0.23 
0.30 
O c t 
2.24 
0.46 
0.49 
25.23 
0.85 
7.85 
1.00 
1.24 
0.70 
0.47 
0.46 
0.59 
0.04 
0.61 
0.29 
N o v 
3.45 
1.48 
0.45 
1.16 
0.45 
7.16 
0.35 
1.11 
0.28 
0.12 
1.07 
0.30 
D e c 
1.88 
2.79 
0.90 
0.63 
0.03 
6.35 
0.50 
0.51 
1.91 
0.08 
0.91 
0.06 
0.19 
1.16 
1 . I n c i d e n c e i n p e r c e n t a g e o f p l a n t s i n f e s t e d . 
2 . I n c i d e n c e i n insec ts m - 1 . 
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Figure 2. Sprinkler irrigation at ICRISAT Center, 1989. 
I m p r o v e m e n t s 
We f o l l o w e d suggest ions made by the C o n s u l ­
tan t w h o v is i ted F D O and m i n i m i z e d the use o f 
c raw le r t r ac to rs . We used l a n d p l a n i n g and r i p ­
p i n g opera t ions o n l y in the f ie lds tha t needed 
i m p r o v e m e n t s , i n o rde r to reduce cost o f land 
p r e p a r a t i o n . We fu r the r i m p r o v e d the accuracy 
o f the ch i ckpea p lan te r and re f ined the p l o t -
leng th measur ing and seed- t r ipp ing devices and 
f ie ld tested i t on a large scale ( F i g . 3). We m o d i ­
f ied the t r a c t o r t rack and wheel spac ing to c u l t i ­
vate c rops a t 60 -cm r o w spac ing, and ordered 
new e q u i p m e n t t o i m p r o v e c u l t i v a t i o n . 
C o m m u n i c a t i o n and c o o r d i n a t i o n between 
the F D O staf f and the scientists were f u r t he r 
s t rengthened b y n o m i n a t i n g c o o r d i n a t o r s f r o m 
each p r o g r a m and by c o n s t i t u t i n g a T i l l age 
A d v i s o r y C o m m i t t e e . We demons t ra ted new 
m o d i f i c a t i o n s on equ ipmen t to scientists and 
p repared an F D O ca ta log o f services and p roce-
T r a i n i n g 
We c o n t r i b u t e d t o t r a i n i n g the s ta t i on managers 
f r o m the S o u t h e r n A f r i c a n D e v e l o p m e n t C o o r ­
d i n a t i o n C o n f e r e n c e ( S A D C C ) coun t r i es a t 
dures f o r the i n f o r m a t i o n o f scient ists. T h e 
i n f o r m a t i o n on o u r act iv i t ies i s w ide l y c i rcu la ted 
t h r o u g h qua r te r l y repor ts and 'P lan t P ro tec t i on 
Repor te r ' . W e n o w pub l i c i ze o u r da i l y w o r k 
schedules o n a l l the V A X te rm ina l s . O u r f i e ld 
h i s to ry records , and land and services requests 
are also on the Ins t i tu te 's c o m p u t e r n e t w o r k to 
fac i l i t a te i n f o r m a t i o n f l o w . W e have mos t o f o u r 
managemen t i n f o r m a t i o n on PCs f o r process ing 
and schedu l ing o f w o r k . 
We f o l l o w e d the F a r m Research Commi t tee ' s 
( F R C ) r e c ommenda t i ons and adhered t o dead-
l ines f o r sow ing and harves t ing to imp lemen t the 
'c lose-season' f o r effect ive pest c o n t r o l . 
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Figure 3. Planter fitted with a plot-length measuring and seed-tripping device at ICR1SA T Center, 1989. 
v a r i a t i o n were be low 2 0 % fo r the f i rs t t ime . F o r 
the 1989/90 ra iny season, we r ipped a n d / o r 
p l o w e d , and disced most of the f ields at M a t o p o s 
and Lucyda le , and sowed the exper iments . Ger ­
m i n a t i o n in the mach ine-sown exper iments was 
excel lent . We establ ished a legume-based c r o p 
r o t a t i o n to break the cereals m o n o c u l t u r e , and 
at M z a r a b a n i , a c rop 'close-season' is be ing f o l ­
l owed f r o m 1 December 1989 t h r o u g h 15 F e b r u ­
ary 1990 to c o n t r o l insect-pest b u i l d u p . 
D u r i n g 1989, b i r d scar ing was a l a b o r - i n t e n ­
sive ac t iv i ty . We are w o r k i n g out a l ternat ive 
strategies to m in im i ze labor costs on b i r d scar-
S A D C C / I C R I S A T , Z i m b a b w e 
O p e r a t i o n s a n d S e r v i c e s 
We sowed a l l the t r ia ls and nurseries and m a n -
aged t h e m we l l (Tab le 6). The coeff ic ients o f 
B u l a w a y o ( Z i m b a b w e ) . We t ra ined in-service 
trainees in f ie ld operat ions and p lant p ro tec t i on . 
We also conduc ted in-house t r a i n i n g f o r o u r 
opera to rs and technic ians in var ious f ie ld opera­
t ions ( F i g . 4). 
Figure 4. Farm machinery operators learning field adjustments on a plow at ICRISAT Center, 1989. 
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Development and Maintenance 
We deve loped a b lock of 2.84 ha at M a t o p o s f o r 
p lan t p r o t e c t i o n research. To augment the c u l ­
vert capac i ty , we cons t ruc ted r o a d inverts at a l l 
the d r a i n crossings, and main ta ined roads, dra ins, 
and fences. We smoothened ou t l and to m a i n t a i n 
f ie ld slopes. 
We comp le ted the c o n s t r u c t i o n o f d o r m i t o r y , 
ca te r ing , and recreat iona l fac i l i t ies, and the s i m ­
p lex hous ing f o r s taf f and v i s i t i ng scientists, and 
c o m m i s s i o n e d these f a c i l i t i e s . L a n d s c a p i n g 
a r o u n d the hostels and d u p l e x houses is in p r o g ­
ress. We also cons t ruc ted a f ie ld shel ter and pu t 
i t t o use. 
T h e f o o d / f e e d labora to r ies and p i l o t process­
i ng p lan ts , greenhouses, headhouse and houses 
f o r t w o senior suppo r t s taf f are unde r cons t ruc ­
t i o n and w i l l be commiss ioned in ear ly 1990. 
i ng . In weed c o n t r o l , however , l abo r sav ing has 
been ef fect ive w i t h the he lp o f mechan ica l c u l t i -
v a t i o n , and by assigning j o b s on task basis. We 
i r r i ga ted c rops a t A is leby and M z a r a b a n i bu t 
app l ied on l y l i fe-sav ing i r r i g a t i o n a t M a t o p o s . 
T a b l e 6 . A r e a u n d e r e x p e r i m e n t a t i o n d u r i n g 
1 9 8 8 / 8 9 . 
L o c a t i o n 
M a t o p o s 
M z a r a b a n i 
M / a r a b a n i a (o f f - season) 
A i s l e b y 
L u c y d a l e 
T o t a l 
C r o p s 
S o r g h u m M i l l e t s T o t a l 
( h a ) ( h a ) ( h a ) 
15.0 8.0 23.0 
2.8 3.5 6.3 
2.66 3.52 6.18 
4 .0 3.6 7.6 
1.7 1.2 2.9 
26 .16 19.82 45.98 
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We go t a bo reho le d u g and connected i t to the 
domes t i c wa te r supp ly . A deta i led underg round 
wa te r po ten t i a l s tudy f o r the s ta t ion was carr ied 
o u t , and we iden t i f i ed a h igh-po ten t ia l borehole 
to augmen t the ex is t ing c r i t i ca l domest ic water 
supp ly . 
A M e c h a n i c / T r a n s p o r t Of f icer has been e m ­
p loyed to be in charge o f repairs and servic ing o f 
vehicles at M a t o p o s . T w o t rac tors and a number 
of cars were repa i red . S ix threshers and a t ipper 
t ra i le r f o r M z a r a b a n i were procured . 
At M z a r a b a n i , we are deve lop ing 30 ha of 
l a n d . We comp le ted bush c lear ing, gr id survey, 
soi l m a p p i n g , and developed fields based on soi l 
t ype , so i l d e p t h , and slope of the land. F ie ld sizes 
va ry f r o m 0.5 to 2.5 ha w i t h slopes ranging f r o m 
0.5 to 2.9%. We leveled t w o f ields hav ing deep 
soi ls and landp laned the rest to ob ta in u n i f o r m 
slopes f o r d ra inage. We const ructed drains t o t a l ­
i ng 3940 m, and la id 2441 m of roads. Of the 
19.24 ha deve loped, 11.01 ha w i l l be under exper­
i m e n t a t i o n and the rest w i l l be cropped to check 
u n i f o r m i t y . W e marked the loca t ion o f f o u r 
boreholes f o r d r i l l i n g . I n the ' M ' b lock , we l a n d -
p laned 6.18 ha to improve drainage, and reshaped 
roads and dra ins . 
Assistance to National Agricultural 
Research Systems ( N A R S ) 
S t a t i s t i c a l S e r v i c e s 
In the Stat ist ics Un i ts a t I C R 1 S A T Center and 
I C R I S A T Sahel ian Center ( I S C ) , we p rov ide 
consu l tancy services to the I C R I S A T scient i f ic 
c o m m u n i t y and also to scientists f r o m co l l abo ­
ra t ive projects at var ious stages of the i r research, 
f r o m p l a n n i n g exper iments t o analysis o f da ta 
and i n te rp re ta t i on o f results. We also del iver 
lectures to in-service trainees on the pr inc ip les of 
expe r imen ta t i on and also on the use o f M S T A T , 
a s tat is t ica l data-processing package on the 
m i c r o c o m p u t e r . We review scient i f ic papers f o r 
the E d i t o r i a l C o m m i t t e e , and art icles fo r news­
letters and the annua l repor t . 
D u r i n g the year, we assisted one P h D student 
We erected and commiss ioned prefabr icated 
t w o - b e d r o o m houses at Kasama (Zamb ia ) and 
K a s i n t h u l a ( M a l a w i ) ; i n a d d i t i o n , erected s im ­
i la r houses at Pandamatenga and Sebele ( B o t ­
swana) and one at Go lden Val ley (Zamb ia ) . 
We p lanned and par t i a l l y executed land i m ­
p rovemen t in 5.25 ha at Sebele (Botswana) and 6 
ha a t Kas in thu la ( M a l a w i ) . 
We cleared 10 ha of land at Kas in thu la 
( M a l a w i ) and fenced i t f o r use in pear l m i l l e t 
research. We surveyed 44.8 ha at G o l d e n Va l ley 
( Z a m b i a ) f o r land i m p r o v e m e n t , and surveyed 
and l andp laned six f ie lds of 0.3 ha each at P a n -
m u r e ( Z i m b a b w e ) fo r reg iona l and na t i ona l 
p a t h o l o g y t r ia ls . We p lan to develop a research 
s ta t i on a t H o m b o l o (Tanzan ia ) i n co l l abo ra t i on 
w i t h the staf f a t I l onga (Tanzan ia ) . 
Tra in ing and Consultancy 
We conduc ted a 6-week course in S t a t i o n D e v e l ­
opmen t and Managemen t f r o m 30 Janua ry to 10 
M a r c h 1989. F i f teen F a r m Managers f r o m six 
countr ies in the region at tended the course. 
The staf f v is i ted S A D C C count r ies and gave 
on- the- job t r a i n i ng in the use of f a r m equ ipmen t , 
opera t ions , and stat ion deve lopment . We o r g a n ­
ized a F ie ld D a y at M a t o p o s f o r the A g r i t e x 
p rov i nc i a l off icers and c rop special ists, and 
handed over 50 kg of so rghum cu l t i va r I C S V 112 
( S V 1) breeders ' seed to the D i r e c t o r of A g r i t e x 
in consu l t a t i on and agreement w i t h the Breeder 
of Research and Specialist Services ( Z i m b a b w e ) 
to p romo te adop t i on . 
We also p roduced 41 each o f so rghum cu l t i va r 
I C S V 112 and D C 7 5 , 6 t each o f I C M V SD 870 
14 and R M P 1 , and 2 t of f inger m i l l e t ( t w o 
var iet ies) to meet seed requ i rements f o r the 
N A R S t r ia ls . 
A recond i t ioned p i ck -up t r u c k was g iven to 
M a t o p o s Research S ta t i on and we assisted in 
repa i r ing one M F 265 t r ac to r f o r Hende rson 
Research S ta t ion (Z imbabwe) . We assisted the 
Nat iona l Agr icu l tura l Research Systems ( N A R S s ) 
i n Z a m b i a , M a l a w i , Tanzan ia , and Bo tswana by 
p r o v i d i n g imp lements f o r land p repa ra t i on and 
sowing. 
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and one M S c s tudent on the s ta t is t ica l analysis 
o f da ta and i n te rp re ta t i on o f results. 
We processed a n u m b e r of da ta sets f o r va r -
ious p r o g r a m s a t I C R l S A T Center , S o u t h e r n 
A f r i c a n D e v e l o p m e n t C o o r d i n a t i o n Conference 
( S A D C C ) , and I S C . W e deve loped va r ious 
c o m p u t e r p r o g r a m s i n G E N S T A T f o r use by the 
p lan t breeders and o ther scientists. 
D u r i n g the year, we p r o v i d e d consu l tancy to 
scientists a t 1 C R 1 S A T Cente r and also to co l l ab ­
o ra to rs . They averaged over 70 per m o n t h . T h e 
consul tanc ies i nc luded p l a n n i n g o f exper imen ts , 
s ta t is t ica l analysis o f da ta , i n te rp re ta t i on o f 
resul ts, and usage of s tat is t ica l packages. 
We car r ied o u t s i m u l a t i o n studies and analysis 
o f da ta f r o m f ie ld expe r imen ts , t o compare the 
i n c o m p l e t e b l o c k designs w i t h dup l i ca ted aug ­
mented designs, w h i c h resul ted in a j o u r n a l a r t i ­
cle s u b m i t t e d t o the E d i t o r i a l C o m m i t t e e f o r 
subsequent pub l i ca t i on . 
O u r S ta t i s t i c ian was on sabbat ica l leave u n t i l 
J u l y . D u r i n g his leave, he w o r k e d on d i f fe ren t 
top ics o f interest w h i c h i nc luded b i ome t r i ca l 
genetics, robus t regression, c o r r e l a t i o n , response 
surface m e t h o d o l o g y , and i ncome inequa l i t y 
assessment. 
We had a consu l tan t s ta t i s t i c ian f o r 3 m o n t h s . 
He p r o v i d e d consu l tancy on pa t te rn analysis, 
m u l t i l o c a t i o n a l da ta analys is , analysis o f da ta 
f r o m augmented designs, and quan t i t a t i ve genet­
ics. He also p r o v i d e d analys is s u p p o r t to test 
some o f Resource M a n a g e m e n t P rog ram 's m o d ­
e l ing e f fo r ts . 
and i n d i v i d u a l i z e d i n s t r u c t i o n on c o m p u t e r us­
age to staf f members of the Ins t i tu te . 
As an a id t o research, the PC-based F D O 
P l a n n i n g and Reco rd ing I n f o r m a t i o n System 
was comp le ted and released f o r regu lar use, as 
also phase I I o f th is p ro jec t , c o m p r i s i n g the 
V A X - b a s e d F ie l d H i s t o r y System. A V A X -
based land request system has been developed 
and a l l requests f o r expe r imen ta l l and a l l oca t i on 
are n o w processed t h r o u g h th is on l i ne system, 
w i t h re levant da ta be ing t ransfer red to the p l a n ­
n i n g and reco rd i ng system. T h e sales and p u b l i ­
c a t i o n system developed f o r I n f o r m a t i o n Ser­
vices was rev ised. T h e PC da ta en t ry c o m p o n e n t 
of a new Research Project Managemen t System 
was comp le ted and released to the research p r o ­
g rams . On the adm in i s t r a t i ve side, the PC-based 
R W F Employees I n f o r m a t i o n System was c o m ­
ple ted and released f o r regu lar use. A PC-based 
D isposa l I tems T r a c k i n g System was comp le ted 
and released. The Purchase O r d e r T r a c k i n g Sys­
t e m , set back again by an unexpec ted res igna­
t i o n , was comp le ted in December and released to 
the Purchase D i v i s i o n f o r f i n a l tes t ing , and a 
rev is ion o f the p a y r o l l system is nea r ing c o m p l e ­
t i o n . An admin i s t ra t i ve suppo r t system has been 
deve loped f o r the D e l h i O f f i ce , and is a w a i t i n g 
the receipt o f new e q u i p m e n t before f i n a l tes t ing 
and release. 
A 72- l ine t e r m i n a l server was insta l led in 
O c t o b e r p e r m i t t i n g m o r e f l ex ib le t e r m i n a l c o n ­
nect ions t o b o t h V A X c o m p u t e r systems, a h i g h -
dens i ty tape d r i ve was added to the V A X -
11 /780 , and a heavy -du ty d o t m a t r i x p r in te r was 
o rdered to speci f ica l ly s u p p o r t special ized p r i n t ­
i ng requ i rements o f the adm in i s t ra t i ve d iv is ions . 
A F A X mach ine was insta l led in F e b r u a r y , 
and i n c o m i n g F A X t ra f f i c has increased steadi ly 
since t h e n . A n in ter ference p r o b l e m i n the 
exchange had made i t v i r t u a l l y imposs ib le to 
send o u t b o u n d F A X e s f r o m I C R I S A T . The 
p r o b l e m was later rec t i f ied , and o u t g o i n g mes­
sages meet ing cer ta in cond i t i ons are accepted f o r 
t r ansm iss ion . T h e E - M a i l f ac i l i t y tha t pe rm i ts 
E - M a i l messages to be sent to F A X addresses 
was a n n o u n c e d , and users are t a k i n g advantage 
of th is service. A telex inter face card was insta l led 
in a m i c r o c o m p u t e r in J u n e , a n d telexes have 
C o m p u t e r S e r v i c e s 
I C R I S A T C e n t e r 
The C o m p u t e r Services D i v i s i o n a t I C R I S A T 
Cente r p rov ides t ime -sha r i ng t o the I C R I S A T 
research personne l on a V A X - 1 1 / 7 8 0 c o m p u t e r 
sys tem, and t o the I C R I S A T a d m i n i s t r a t i o n o n 
a M i c r o V A X 3600 c o m p u t e r system. The V M S 
ope ra t i ng system is used on b o t h systems, w h i c h 
are connec ted as a n e t w o r k . We deve lop in te rac­
t ive systems, p r o v i d e da ta -en t ry services, ins ta l l 
V A X so f tware packages and m i c r o c o m p u t e r 
so f twa re , and give seminars, t r a i n i n g courses, 
I S C , N i g e r 
A C o m p u t e r Services U n i t was establ ished at the 
l C R I S A T Sahel ian Center ( I S C ) i n 1989 t o p r o ­
vide a center f o r shared faci l i t ies such as scanners, 
d ig i t i zers , and p lo t ters ; to deve lop app l i ca t ions 
f o r b o t h adm in i s t ra t i on and research; to eva lu ­
ate new sof tware; and to p rov ide advice, assis­
tance, and t r a i n i n g to staf f in the use o f ava i lab le 
so f tware . The cur ren t s ta f f ing o f the C o m p u t e r 
Services U n i t at I S C consists of a H e a d , a p r o ­
g r a m m e r / a n a l y s t , a compute r opera tor , and a 
typ is t . Th i s u n i t , and the ex is t ing and f u t u r e 
plans described be low, are based on a consu l ­
tancy by C G N E T Services I n te rna t i ona l in 1987 
w h i c h developed a comprehensive, phased p l a n 
to p rov ide c o m p u t i n g capabi l i t ies a t I S C . Th i s 
p lan was subsequent ly revised based on expe­
rience at I S C . 
C o m p u t i n g power a t I S C is d is t r ibu ted to the 
end-users t h r o u g h the use o f mu l t i p l e m i c r o ­
compute rs . M o s t scientists have access to PC AT 
compa t i b l e m ic rocompu te rs fo r data analysis, 
w i t h P C / X T compa t ib le m ic rocompute rs f o r 
da ta en t ry . M i c r o c o m p u t e r versions o f Genstat , 
S A S , and Systat are used by the scientists f o r 
the i r da ta analysis. In the admin is t ra t i ve area, 
mu l t i - use r 80386-bascd systems w i t h the X e n i x 
ope ra t i ng system are be ing used to deve lop cen­
t ra l i zed , in tegrated admin is t ra t i ve app l i ca t ions , 
i n a d d i t i o n t o the use o f P C A T and P C / X T 
compat ib les f o r special ized app l ica t ions and 
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V A X 3900, p r o v i d i n g f o u r t imes m o r e c o m p u t ­
ing power and on l ine storage capac i ty . N e t w o r k ­
ing hardware is also on o rder and th is w i l l p e r m i t 
n e t w o r k i n g o f m ic rocompu te rs located i n the 
labora tor ies w i t h the V A X systems. T h e new 
M icro V A X w i l l also be connected w i t h the ex is t ­
ing M i c r o V A X 3600 as a loca l area V A X C l u s t e r 
to fac i l i ta te system management , shar ing o f 
resources, and the f lex ib le a d d i t i o n o f new sys­
tems in the fu tu re . Wide-area n e t w o r k i n g h a r d ­
ware, inc luded w i t h the M i c r o V A X 3900, w i l l set 
the stage f o r d i rect system access to packe t -
swi tched ne tworks and c o m p u t e r systems, i n ­
c lud ing other I A R C systems. 
been sent a n d received us ing th is compu te r since 
t h e n . Te lex p r e p a r a t i o n i s m u c h s imp l i f i ed , and 
o u t g o i n g messages can be queued f o r re t ry du r ­
i ng the n igh t . We con t rac ted w i t h Videsh San-
cha r N i g a m L i m i t e d ( V S N L ) i n November t o 
p rov ide d ia l -up access to the in ternat ional packet-
sw i tched gateway a t B o m b a y v ia Hyderabad . 
T h i s has p e r m i t t e d us to take complete charge of 
o u r E - M a i l act iv i t ies . We no longer use the relay 
system p r o v i d e d by C G N e t Services between 
the U S A and I C R I S A T ' s V A X , a system w h i c h 
served us f a i t h f u l l y and we l l f o r nearly 5 years. In 
a d d i t i o n t o i m p r o v e d E - M a i l capabi l i t ies, th is 
l i n k has also s imp l i f i ed the L ib ra ry ' s access to 
D I A L O G f o r o n l i n e i n f o r m a t i o n r e t r i e v a l 
services. 
T h e N a t i o n a l Ins t i tu te o f I n f o r m a t i o n Tech ­
n o l o g y ( N U T ) was cont rac ted t o p rov ide t r a i n ­
i n g i n the use o f PC sof tware d u r i n g M a y and 
June . H u n d r e d and s i x t y - two staff members 
were t ra ined in the use o f PC D O S , W o r d S t a r , 
L O T U S 1-2-3, and d B A S E I I I Plus. A p r o ­
g r a m m e r / a n a l y s t f r o m the I C R I S A T Sahel ian 
Cente r ( I S C ) spent 2 mon ths w i t h C o m p u t e r 
Services w o r k i n g on a mic rocomputer -based 
f i nanc ia l accoun t ing system fo r I S C , and on 
i m p r o v e m e n t s in the electronic ma i l system at 
I S C . 
T h e D i v i s i o n Head at tended the Sp r ing D E C 
Users ' Soc ie ty meet ing i n A t l a n t a i n M a y . One 
s ta f f member at tended f o u r weeks o f t r a i n i n g a t 
D i g i t a l E q u i p m e n t C o r p o r a t i o n i n U S A , and 
a t tended the Sp r i ng D E C U S meet ing. F o u r s taf f 
members a t tended the C o m p u t e r Society o f 
I n d i a A n n u a l Mee t i ng i n Bangalore d u r i n g Sep-
tember . Several s taf f members at tended t r a i n i n g 
courses in I n d i a in 1989: three at tended a 
seminar on Exper t Systems; t w o attended courses 
on O S / 2 , a new m ic rocompu te r opera t ing sys­
t e m , and on strategies fo r i n f o r m a t i o n center 
managemen t ; t w o at tended a w o r k s h o p on da ta 
base management ; f ou r at tended a course on 
h a r d d isk management ; t w o at tended a course 
on the C p r o g r a m i n g language; and one at tended 
a w o r k s h o p on Nove l l Ne tware f o r loca l area 
n e t w o r k i n g appl icat ions. 
F u n d i n g was secured f o r the replacement o f 
the V A X - 1 1 / 7 8 0 c o m p u t e r system by a M i c r o -
A p p a R a o , S. , Mengesha, M . H . , Saideswara 
R a o , Y . , and Rajagopal Reddy , C . 1989. L e a f 
a n a t o m y o f midr ib less mu tan t s i n pear l m i l l e t . 
C u r r e n t Science 58(18) :1034-1036. ( J A 821) 
Mengesha, M e l a k H. 1988. Genet ic resources 
act iv i t ies a t I C R I S A T . I n d i a n J o u r n a l o f P l a n t 
Genet ic Resources 1(1 and 2) :49-58. ( J A 788) 
Prasada R a o , K .E . , and Mengesha, M . H . 1987. 
M o r p h o l o g y and d i s t r i b u t i o n o f zerazera sor-
g h u m s . J o u r n a l d ' A g r i c u l t u r e T rad i t i one l l e e t de 
B o t a n i q u e A p p l i q u 6 e 34:51-55. ( J A 495) 
Prasada R a o , K .E . , Saideswara R a o , Y . , and 
Mengesha, M . H . 1989. Sorghum purpureoseri-
ceum ( A . R i c h ) Aschers. and Schwe i f sub sp. 
dimidiatum (S tap f ) Garber : occurrence, m o r -
p h o l o g y and cy to logy . C u r r e n t Science 58(7): 
385—386. ( J A 819) 
Pund i r , R .P .S . , Mengesha, M . H . , and Reddy, 
K . N . 1988. Occur rence and genetics of a na tu r a l 
m u t a n t o f ch ickpea h a v i n g t w i n f l o w e r p e d u n -
cles and po l yca rpy . J o u r n a l o f H e r e d i t y 79(6): 
4 7 9 - 4 8 1 . ( J A 726) 
Pundir , R .P .S . , and Reddy, K . N . 1989. I n d u c -
t i o n , genetics and possible use o f g labrousness in 
ch ickpea . E u p h y t i c a 42(1 and 2): 141-144. ( J A 
751) 
Saideswara R a o , Y . , A p p a R a o , S., and Menge-
sha, M e l a k H . 1989. N e w evidence on the p h y l o -
geny o f basic c h r o m o s o m e n u m b e r in Pennise-
tum. C u r r e n t Science 58(15) :869-871. ( J A 820) 
Saideswara R a o , Y . , Mengesha, M e l a k H . , and 
A p p a R a o , S. 1989. C y t o m o r p h o l o g i c a l studies 
of a spontaneous t r i p l o i d in Pennisetum hohe-
nackeri Hochs t . ex S teud . G e n o m e 32(3) :404-
407. ( J A 818) 
Singh, M u r a r i . 1989. On es t ima t i on o f harvest 
indices. I n d i a n J o u r n a l o f Genet ics 49(3 ) :375-
383. ( J A 606) 
Singh, M u r a r i , and K a n j i , G . K . 1988. F i t t i n g a 
non - l i nea r m o d e l w i t h e r ro rs i n b o t h var iab les 
and i ts a p p l i c a t i o n . J o u r n a l o f A p p l i e d Stat is t ics 
15(3): 267-274 . ( J A 738) 
J o u r n a l Art ic les 
A p p a R a o , S. , Mengesha, M . H . , Har inarayana, 
G . , and Rajagopal Reddy , C. 1987. C o l l e c t i o n 
and e v a l u a t i o n o f pear l m i l l e t g e r m p l a s m f r o m 
M a h a r a s h t r a . I n d i a n J o u r n a l o f Genet ics and 
P lan t Breed ing 47(2): 125-132. ( J A 479) 
A p p a R a o , S. , Mengesha, M e l a k H . , and Ra ja -
gopal Reddy , C. 1989. I d e n t i f i c a t i o n , character -
i z a t i o n and geograph ic d i s t r i b u t i o n o f ma le -
s te r i l i t y restorer and ma in ta i ne r l ines f r o m d i -
verse pear l m i l l e t g e r m p l a s m . E u p h y t i c a 40(1 
a n d 2 ) : 155-159. ( J A 7 1 9 ) 
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d a t a en t r y . The re are c u r r e n t l y a b o u t 140 m i c r o -
compu te r s in use a t I S C . T h e ma in tenance o f 
these m i c r o c o m p u t e r s is p r i m a r i l y the responsi -
b i l i t y o f Phys ica l P lan t Services (PPS) . 
T h e l o n g - t e r m goa l i s to connec t the m i c r o -
c o m p u t e r s as a loca l area n e t w o r k ( L A N ) to 
p e r m i t sha r ing of expensive resources such as 
laser p r i n t e r s , d ig i t i ze rs , and p lo t te rs , and to 
fac i l i ta te da ta shar ing and da ta secur i ty . L a b o r a -
t o r y balances w i l l be in ter faced d i rec t l y to m i c r o -
c o m p u t e r s , and op t i ca l scanners w i l l be used to 
assist in t ex t da ta en t ry . 
P u b l i c a t i o n s 
Ins t i tu te P u b l i c a t i o n s 
W o r k s h o p and Symposia Proceeding 
I C R I S A T ( I n t e r n a t i o n a l C r o p s Research I ns t i -
t u te f o r the S e m i - A r i d T rop i cs ) . 1989. C o l l a b o -
r a t i o n on Genet ic Resources: s u m m a r y proceed-
ings o f a J o i n t I C R I S A T / N B P G R ( I C A R ) 
W o r k s h o p o n Ge rmp lasm E x p l o r a t i o n and E v a l -
u a t i o n i n I n d i a , 14-15 N o v 1988, I C R I S A T Cen-
ter , I n d i a . Pa tanche ru , A . P . 502324 , I n d i a : 
I C R I S A T . 124 p p . I S B N 92-9066-170-4. ( C P E 
052) 
Research Support Activities 315 
and genetics: proceedings o f the S i x t h A l l I n d i a 
Congress o f Cy to l ogy and Genet ics, 1 2 - 1 7 Oc t 
1987, J a m m u , I n d i a ( M a n n a , G .K . , and S inha , 
U . , eds.). K a l y a n i , West Benga l , I n d i a : A l l I n d i a 
Congress o f Cy to logy and Genetics. ( C P 422) 
Prasada R a o , K .E . , and Mengesha, M . H . 1988. 
S o r g h u m genetic resources—synthesis o f ava i l -
able d ivers i ty and its u t i l i sa t i on . Pages 159-169 
in P lan t genetic resources—Ind ian perspect ive: 
proceedings o f the N a t i o n a l S y m p o s i u m on 
P lan t Genet ic Resources, 3 -6 M a r 1987, N e w 
D e l h i , I n d i a (Pa roda , R.S. , A r o r a , R .K . , and 
C h a n d e l , K .P.S. , eds.). New D e l h i 110 012, 
I n d i a : N a t i o n a l Bureau o f P lan t Genet ic Re-
sources. ( C P 343) 
Prasada Rao, K.E., Mengesha, M . H . , and Reddy, 
V . G . 1989. In te rna t iona l use of a so rghum g e r m -
plasm col lect ion. Pages 49-67 in The use of p lan t 
genetic resources ( B r o w n , A . H . D . , F ranke l , O . H . , 
Ma rsha l l , D .R . , and W i l l i ams , J .T . , eds.). C a m -
br idge, U K : Cambr idge Univers i ty Press. ( C P 
321) 
Singh, M u r a r i , Mehan , V .K . , and M c D o n a l d , D . 
1989. Screening groundnuts fo r seed resistance to 
Aspergillus flavus: statist ical approaches to da ta 
evaluat ion. Pages 335- 344 in A f l a t o x i n con tam i -
na t ion o f g roundnu t : proceedings o f the In te rna -
t iona l W o r k s h o p , 6-9 Oct 1987, I C R I S A T Cen -
ter, Ind ia . Patancheru, A . P . 502 324, Ind ia : In te r -
na t iona l Crops Research Inst i tute f o r the Semi -
A r i d Trop ics . ( C P 436) 
Conference Papers 
A p p a R a o , S. , Mengesha, Me lak H . , and Rajag-
opal Reddy , C. 1989. Deve lopment of cytoplas-
m ic male-s ter i le l ines o f pear l mi l le t f r o m Ghana 
and B o t s w a n a ge rmp lasm. Pages 817-823 in 
Perspect ives in cy to logy and genetics: proceed-
ings o f the S i x t h A l l I n d i a Congress o f C y t o l o g y 
and Genet ics, 12-17 Oct 1987, J a m m u , I n d i a 
( M a n n a , G . K . , and S inha , U. , eds.). K a l y a n i , 
West Benga l , I n d i a : A l l I n d i a Congress o f C y t o l -
ogy and Genet ics. ( C P 424) 
Mengesha, M e l a k , H. 1988. Germp lasm assem-
b ly , conserva t i on , and d ivers i ty o f I C R I S A T 
m a n d a t e c rops . Pages 28-37 in P lant genetic 
resou rces—Ind ian perspective: proceedings of 
the N a t i o n a l S y m p o s i u m on P lan t Genet ic Re-
sources, 3 -6 M a r 1987, N e w D e l h i , I n d i a (Par -
oda , R.S. , A r o r a , R.K. , and Chande l , K .P.S. , 
eds.). N e w D e l h i 110 012, I nd ia : N a t i o n a l Bureau 
of P lan t Genet ic Resources. ( C P 342) 
Mengesha, M e l a k H . , and Appa R a o , S . 1989. 
Some new ly ident i f ied genetic t ra i ts in pear l 
m i l l e t . Pages 825-831 in Perspectives in cy to logy 
Singh, M u r a r i , and Singh, Rajendra P. 1988. 
A p p r o x i m a t i o n o f f i rs t t w o moments and sam-
p l i n g d i s t r i b u t i o n o f G in i ' s coeff ic ient. Journa l 
o f the I n d i a n Society o f A g r i c u l t u r a l Statistics 
40(2): 154-163. ( J A 607) 
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I C R I S A T Center 
Admin is t ra t ion 
L.D.Swindale, Director General 
Y.L.Nene, Deputy Director General ( f rom Apr) 
M. Goon , Assistant Director General (Administrat ion) 
K.B.Srinivasan, Assistant Director General (Liaison) 
(unt i l May) 
B.C.G.Gunasekera, Advisor to Director General 
for Donor Relations ( f rom Jun) 
B.K.Patel , Special Assistant to Director General 
for Planning ( f rom Jun) 
P.Reavey, Special Assistant to Director General 
for Educational Af fairs 
V.Balasubramanian, Sr Executive Officer 
(Di rector General's Office) 
J.Gay, Sr A d m Secretary to DG 
P.Rama M u r t h y , A d m Officer, Office 
o f Adv isor t o DG ( D R ) 
P.Subrahmanyam, Sr A d m Officer, Office of the D D G 
(unt i l Apr ) 
G.J. Michael , A d m Officer, Office of the D D G 
( f r om Apr ) 
Sheila Vi jayakumar, Sr Research Associate, 
Off ice o f the D D G ( f rom Jun) 
K.Sampath Kumar , A d m Secretary, Office o f the D D G 
(unt i l Ap r ) 
S.Kr ishnan, Asst Manager (Admn) A d m n Services 
(De lh i Off ice, f rom Dec) 
C.Geetha, A d m Secretary, Office of the A D G (Admn) 
P.Sosamma Nai r , A d m Officer, Office of the A D G (Liaison) 
D . M i t r a , Fiscal Manager 
A.Baner j i , Assistant Manager (Fiscal) 
(on special leave) 
C.P.Rajagopalan, Accounts Officer 
P .A .V .N .Kumud Nath , Accounts Officer 
K.Narayana Mur thy , Accounts Officer 
B.K.Vasu, Accounts Officer 
T.Kulashekhar, Accounts Officer 
T.K.Sr in ivasan, Accounts Officer 
N.V.V.Rao, Accounts Officer 
P .M .Menon , Personnel Manager (Act ing) 
K.K. V i j , Asst Manager (Admn) 
( f r om Dec) 
N.S.L.Kumar, Sr Personnel Officer 
P.Suryanarayana, Sr Personnel Officer 
A .J .Rama Rao, A d m Secretary (Personnel) 
R.Vaidyanathan, Purchase and Stores Manager 
C.R.Kr ishnan, Asst Manager (Purchase and Stores) 
K.P.Nair , Sr Purchase Officer (on leave f rom Feb) 
D .K .Mehta , Sr Stores Officer 
D .V .Rama Ra ju , Sr Purchase Officer 
K.C.Saxena, Sr Stores Officer 
K.R.Natarajan, Shipping and Purchase Off icer 
J.Banj i , Purchase Officer 
T.Gopalakr ishnan, Purchase Officer 
A.Lakshminarayana, Sr Scientific Liaison Off icer 
(Visi tors ' Services) 
Harish Sethi, Scientific Liaison Officer 
G.Fredericks, A d m Officer (Vis i tors ' Services) 
K.K.Sood, Sr Security Officer 
K .K .V i j , Asst Manager (Admn) (Delh i Office unt i l Dec) 
K.Santhanam, Manager (Internal Aud i t ) 
(on contract) 
V.Satish Kumar, Aud i t Officer 
N.Surya Prakash Rao, Sr Resident Medical Off icer 
K.Jagannadham, Transport Officer 
A .Rama Mur thy , Travel Officer 
V.V.Ramana Rao, A d m Officer 
Research Programs 
Cereals 
Program Office 
J .M.J , de Wet, Program Director, Cereals 
V.S. Swaminathan, Sr A d m Officer (unt i l Ap r ) 
N .V .N . Char i , A d m Officer ( f rom Apr ) 
Sorghum Group 
J.W.Stenhouse, Principal Plant Breeder ( f rom Nov) 
L .K .Mughogho, Principal Plant Pathologist 
J.M.Peacock, Principal Plant Physiologist 
K.F.Nwanze, Principal Cereals Entomologist 
C.M.Pattanayak, Principal Coordinator C C R N 
G.Alagarswamy, Plant Physiologist 
B.L.Agrawal , Plant Breeder (on leave f rom Aug) 
Belum V.S.Reddy, Plant Breeder 
P.K.Vaidya, Plant Breeder 
N.Seetharama, Sr Plant Physiologist 
P. Soman, Plant Physiologist 
Suresh Pande, Plant Pathologist 
R.Bandyopadhyay, Plant Pathologist 
S.L.Taneja, Entomologist 
H.C.Sharma, Entomologist 
H .D.Pa t i l , Sr Research Associate (unt i l Nov) 
K .Dav id Nicodemus, Sr Research Associate 
P.S. Raju , Sr Research Associate (unt i l Ap r ) 
V .L . Chidley, Sr Research Associate 
M.Peterschmitt, Postdoctoral Fel low 
C.S.Busso, Postdoctoral Fellow 
H .Kokubu , Postdoctoral Fellow (unt i l Feb) 
320 ICRISAT Senior Staff 
M.A .Osman , Postdoctoral Fel low 
F.Pinard, Postdoctoral Fel low ( f rom Sep) 
S .D.K.Tr ichur , Research Scholar (unt i l Ap r ) 
K.G.Kausalya, Research Scholar 
M o h d Hassan Aden, Research Scholar 
Hassan A. Hassan, Research Scholar (unt i l Feb) 
S.S.Poranki , Research Scholar ( f rom Jun) 
A. P. P. K u m a r i , Research Scholar ( f rom Aug) 
G.Ravi Kumar , Research Scholar ( f rom Oct) 
Mahad A b d i Farah, Research Scholar ( f rom Oct) 
S. Sithole, Research Scholar (unt i l Oct) 
Pearl Millet Group 
F.R.Bidinger, Pr incipal Plant Physiologist 
S.B.King, Pr incipal Plant Pathologist (on study 
leave f r om Jun) 
J .R.Wi tcombe, Pr incipal Plant Breeder 
K .N .Ra i , Plant Breeder 
B.S.Talukdar, Plant Breeder 
S.B.Chavan, Plant Breeder (unt i l Oct) 
V .Maha lakshmi , Plant Physiologist 
S.D.Singh, Sr Plant Pathologist 
R.P.Thakur , Sr Plant Pathologist 
K .R.Kr ishna, Microbio logist (un t i l Oct) 
B.P.Reddy, Sr Research Associate 
E.Weltzien, Postdoctoral Fel low (un t i l Nov) 
P.J .Lynch, Research Scholar ( f r om Jun) 
Kenya 
V.Y.Guiragossian, S A F G R A D / I C R I S A T Coord inator 
for Sorghum and Mi l le t , Eastern A f r i ca 
S . Z . M u k u r u , Pr inc ipal Sorghum Breeder 
Mexico 
C.L .Pau l , Team Leader and Pr inc ipal Sorghum Agronomis t 
(on sabbatical unt i l Oct) 
C.T.Hash, Pr incipal Sorghum Breeder 
R.Clara Valencia, Scientist, Sorghum Breeder 
Legumes 
Program Office 
Y.L.Nene, Program Director , Legumes (unt i l M a r ) 
D . M c D o n a l d , Program Di rector (Ac t ing f r o m M a r ) 
D.G.Far is, Pr inc ipal Coord inator , Asian Gra in Legumes 
Network 
C .L .L .Gowda , Sr Legumes Breeder, A G L N 
D.M.Pawar , Sr Agr icu l tura l Off icer (Cooperat ive Tr ia ls, 
L E G O F T E N ) 
Pulses Group 
C.Johansen, Pr inc ipal Crop Physiologist 
H.A.van Rheenen, Pr incipal Plant Breeder, Chickpea 
Laxman Singh, Pr incipal Plant Breeder, Pigeonpea 
(unt i l Aug) 
M.P.P imber t , Pr incipal Entomologist 
J .Ar ihara , Associate Pr incipal Physiologist 
(un t i l Nov) 
N.Ae, Associate Pr inc ipal Microbio log is t 
(un t i l Nov) 
K.Okada, Asst Pr incipal Microbio logist 
K.C. J a i n , Plant Breeder, Pigeonpea 
Onkar Singh, Plant Breeder, Chickpea 
M.P . Srivastava, Sr Plant Breeder 
(on contract unt i l Jun) 
K.B.Saxena, Sr Plant Breeder, Pigeonpea 
V . K . Sehgal, Sr Scientist (Entomology) 
(on contract unt i l Feb) 
S.S.Lateef, Entomologist 
M.P.Haware , Plant Pathologist 
S.C.Sethi, Plant Breeder, Chickpea 
N.P.Saxena, Sr Crop Physiologist 
O.P.Rupela, Crop Physiologist 
K.R. Kr ishna, Crop Physiologist ( f rom Oct) 
J .V .D .K . Kumar Rao, Crop Physiologist, 
L E G O F T E N 
C.S. Pawar, Entomologist , L E G O F T E N 
A.M.Ghanekar , Plant Pathologist 
Jagdish Kumar , Plant Breeder, Chickpea 
S.C.Gupta, Plant Breeder, Pigeonpea 
M.V .Reddy , Sr Plant Pathologist 
Y.S.Chauhan, Crop Physiologist 
S.B.Sharma, Plant Nematologist 
N .V.Ratnam, Sr Research Associate (unt i l Jun) 
J .H .M i randa , Sr Research Associate, Chickpea (unt i l Sep) 
L.Kr ishna M u r t h y , Sr Research Associate 
M.Chenchi Reddy, Sr Research Associate 
A.Sr in ivasan, Postdoctoral Fel low ( f rom Jun) 
S.K.Singh, Postdoctoral Fel low (unt i l Jan) 
F.B.Lopez, Postdoctoral Fel low (unt i l Jun) 
T.Das Gupta, Postdoctoral Fel low (unt i l Oct) 
G.S.Chipyngahalo, Research Scholar (unt i l Jun) 
A .Schro th , Research Scholar (unt i l Jan) 
Uma M. Telugu, Research Scholar ( f rom Jun) 
A . K u b o t a , Research Scholar ( f rom Jun) 
L .M.T .S i jen , Research Scholar (unt i l Feb) 
G.V.Subba Rao, Research Scholar (unt i l Sep) 
M.van E i j k , Research Scholar ( f r om Aug) 
Sheila V i jayakumar, Sr Research Associate (unt i l Jun) 
G.J.Michael , A d m Officer (unt i l Ap r ) 
K. Sampath Kumar , A d m Officer ( f rom Apr ) 
Groundnut Group 
D . M c D o n a l d , Pr incipal Plant Pathologist and 
Ac t ing Director , Legumes Program ( f rom Apr ) 
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Agronomy Group 
S.M.Vi rmani , Principal Agrocl imatologist 
C.K.Ong, Principal Agronomist 
D.R.Butler, Principal Microcl imatologist 
M.M.Anders , Principal Product ion Agronomist 
Piara Singh, Soil Scientist (on sabbatical f r o m 
Jun to Dec) 
A .K.S.Huda, Agrocl imatologist 
A.Ramakr ishna, Agronomist 
N. Venkataratnam, Sr Research Associate 
( f rom Jun) 
S.K. Sharma, Sr Research Associate ( f rom Mar ) 
L. Mohan Reddy, Sr. Research Associate ( f r om M a r ) 
A . A . H . K h a n , Engineer 
J.N.Danie l , Postdoctoral Fel low (unt i l Aug) 
J.C.W.Odongo, Postdoctoral Fellow 
T.Bapi Reddy, Postdoctoral Fel low ( f rom Dec) 
P.P.Motaval l i , Postdoctoral Fel low ( f rom Jun) 
F.M.Marshal l , Research Scholar ( f rom Apr ) 
S.Ravi Kumar , Research Scholar ( f rom Oct) 
R.Ranganathan, Research Scholar ( f r om Oct) 
Soil Group 
J.R.Bur ford , Principal Soil Chemist 
K.B.Laryea, Principal Soil Physicist 
G.D.Smi th , Principal Soi l Scientist, I C R I S A T / Q D P I 
(unt i l Feb) 
D.F.Yule, Principal Soi l Scientist, I C R I S A T / Q D P I 
( f rom Feb) 
K.K.Lee, Principal Microbiologist 
A.Schi i t t , Asst Principal Engineer 
( ICRISAT/Un ive rs i t y of Hamburg) 
K.L.Sahrawat, Sr Soil Chemist 
T.J.Rego, Soi l Scientist 
D.P. Verma, Soil Scientist/ Soi l Chemist, 
I C R I S A T / I F D C (on contract) 
Sardar Singh, Soi l Scientist 
Prabhakar Pathak, Agr icul tural Engineer 
(on sabbatical unt i l Sep) 
K.L.Srivastava, Agricul tural Engineer 
R.C.Sachan, Agr icul tural Engineer 
N .K .Awadhwal , Agr icul tural Engineer/Soi l Physicist 
S.P.Wani, Microbiologist (on sabbatical f rom Oct) 
M.Bonsu, Postdoctoral Fellow (unt i l Aug) 
S.Shailaja, Research Scholar (unt i l Apr ) 
P.Vershney, Research Scholar (unt i l Jun) 
S.K.Samantra, Research Scholar (unt i l Nov) 
Bibhudut ta Das, Research Scholar ( f rom Dec) 
M. Day i S. Abdurahman, Research Scholar ( f rom Sep) 
S. Singer, Research Scholar ( f rom May) 
Economics Group 
T.S.Walker, Principal Economist 
R.A.E.Mai ler , Pr incipal Economist 
Program Office 
J .L .Mon te i t h , Program Director 
R.S.Aiyer, Sr A d m Officer 
S.Ramachandran, A d m Officer (unt i l Ap r ) 
R e s o u r c e M a n a g e m e n t 
Pakistan 
M.S.Rahman, Principal Chickpea Breeder/ 
Plant Pathologist (unt i l Aug) 
Kenya 
K.B.Singh, Pr incipal Chickpea Breeder 
Syria 
Laxman Singh, Principal Pigeonpea Agronomist ( f rom Sep) 
J. P.Moss, Pr incipal Cell Biologist 
D.V.R.Reddy, Pr incipal Plant Virologist 
J .H.Wi l l iams, Pr incipal Plant Physiologist 
(unt i l May) 
J .A .Wigh tman, Pr incipal Entomologist 
S.N.Nigam, Pr incipal Plant Breeder 
(on sabbatical f r om Jun) 
N .Ho rn , Assistant Virologist ( f rom Jun) 
L.J.Reddy, Plant Breeder 
P.Subrahmanyam, Sr Plant Pathologist 
P.T.C.Nambiar, Cell Biologist 
P .W.Amin , Coord inator and Sr Entomologist, 
L E G O F T E N 
G.V.Ranga Rao, Entomologist 
A .K .S ingh , Cell Biologist 
V .K .Mehan , Plant Pathologist (on sabbatical unt i l Ma 
D.C.Sastr i , Cell Biologist 
M.J.Vasudeva Rao, Plant Breeder (unt i l Jan) 
S.L .Dwived i , Plant Breeder 
R.C.Nageswara Rao, Crop Physiologist 
V . M . R a m r a j , Crop Physiologist 
N.Sivananda Reddy, Sr Research Associate 
Y.Sudhakar, Postdoctoral Fellow (unt i l Apr) 
C.S.Gold, Postdoctoral Fellow (unt i l Sep) 
W.R.Sacks, Postdoctoral Fellow (unt i l Sep) 
Shashi Gupta, Postdoctoral Fellow (unt i l Jan) 
J .Watterot t , Research Scholar (unt i l Mar) 
T.Shanower, Research Scholar (unt i l Apr ) 
Zhang X inyan , Research Scholar (unt i l Dec) 
Nguyen Ha i Nam, Research Scholar 
P. Balan, Research Scholar (unt i l Nov) 
322 ICRISAT Senior Staff 
Upendra Rav i , Sr Research Associate 
V.S.Ra ju , A d m Officer (unt i l Ap r ) 
P. Subrahmanyam, Sr A d m Officer ( f rom Apr ) 
Fellowships and Training 
D.L.Oswal t , Pr inc ipal Tra in ing Off icer 
and Program Leader 
B.Diwakar , Sr Tra in ing Officer 
T.Nagur , Sr Tra in ing Officer 
S.K.Dasgupta, Sr Tra in ing Officer 
Faujdar Singh, T ra in ing Officer 
Information Services 
J.B.Wi l ls , Head 
S .D .Ha l l , Research Edi tor 
E . M . M c G a w , Research Edi tor ( f r om Jun) 
S.M.Sinha, Asst Manager, A r t and Product ion 
D . R . M o h a n Raj , Sr Edi tor (on leave f r om Jun) 
J .J .Abraham, Edi tor 
V.Sadhana, Edi tor 
G.K.Guglan i , Sr A r t Visualizer 
T .R .Kapoor , Sr Composing Supervisor 
A .An ton isamy, Printshop Supervisor 
A.B.Chi tn is , Sr Photographer 
A.N.Venkataswami , Sr A d m Officer 
B.B. Sahni, Ed i tor (on contract f r o m Sep) 
Savi t r i Mohapa t ra , Sr French Translator 
T.G.Kel ley, Asst Pr incipal Economist ( f r om Sep) 
N.S. Jodha, Sr Economist I I (un t i l A p r ) 
R.P.Singh, Economist 
M .Asokan , Sr Research Associate (on study leave) 
K.G.Kshirsagar, Sr Research Associate (on study leave) 
K.V.Subba Rao, Sr Research Associate 
V.Bhaskar Rao, Sr Research Associate 
P.Parthasarathy Rao, Sr Research Associate 
A.G.Mengesha, Research Scholar 
M.Gau tam, Research Scholar (unt i l Jul) 
M.Bhende, Research Scholar (unt i l Sep) 
S u p p o r t P r o g r a m s 
Biochemistry 
R.Jambunathan, Pr inc ipal Biochemist and Program 
Leader 
Uma id Singh, Biochemist 
V.Subramanian, Biochemist 
S.Sivaramakrishnan, Biochemist (un t i l Oct) 
Santosh Gu r t u , Sr Research Associate 
M.S.Kherdekar , Sr Research Associate 
S.Suryaprakash, Sr Research Associate 
P. Venkateshwara Rao, Sr Research Associate 
T.R.K.Satyanarayana, A d m Off icer (un t i l Jun) 
K a m i n i Dev i , Research Scholar ( f rom Ap r ) 
Radio Isotope Lab 
S. Sivaramakr ishnan, Biochemist ( f r om Oct) 
M u r a r i Singh, Statist ician (unt i l Jun) 
Statistics 
Electron Microscope Unit 
A .K .Mur thy , Engineer 
Genetic Resources 
M.H.Mengesha, Pr inc ipal Germplasm Botanist 
and Program Leader 
K.E.Prasada Rao, Sr Botanist 
R.P.S.Pundir , Botanist I I 
V .Ramanatha Rao, Botanist I I (on leave f r o m Jul) 
S.Appa Rao, Botanist I I 
P.Remanandan, Botanist I I (on sabbatical un t i l Jul) 
A . K . Singh, Botanist I I ( f rom Aug) 
Y.Saideshwara Rao, Postdoctoral Fel low (unt i l Jan) 
Surendra M o h a n , Sr A d m Off icer 
Plant Quarantine 
N.C.Joshi, Chief Plant Quarant ine Off icer 
(on contract) 
L .J .Haravu, Manager 
P.K.Sinha, Sr Documentat ion Of f icer - I I 
P.S.Jadhav, Sr L ibrary Officer 
S.Prasannalakshmi, Sr L ibrary Off icer 
Library and Documentation Services 
J.W.Estes, Head 
S .M.Lu th ra , Manager (Computer Services) 
J.Sai Prasad, Asst Manager (Computer Services) 
T .B .R.N.Gupta , Senior Computer Programmer/Analys t 
S.V.Nanda Kishore, Computer Programmer/Analys t 
(un t i l Ap r ) 
G.Subba Ra ju , Computer Programmer /Ana lys t 
G.Padmaja, Computer Programmer/Analys t 
A . R a m Mur thy , Computer Programmer /Ana lys t 
( f r om Dec) 
Computer Services 
Resource Management Program 
C.Renard, Principal Agronomist and Team Leader 
M .C .K la i j , Pr incipal Soil and Water Management Scientist 
M.V.K.Sivakumar, Principal Agrocl imatologist 
J.Baidu-Forson, Principal Economist 
R.J.Van Den Beldt, Principal Agronomis t /Agroforest ry 
J .H.Wi l l iams, Principal Physiologist ( f rom Jun) 
A.Bat iono, Principal Soil Chemist ( I F D C ) 
B.R.N'tare, Principal Cowpea Breeder/Agronomist ( l l T A ) 
J .C.Hopkins, Visit ing Scientist ( I F P R I ) 
J .Lambourne, Principal An imal Nutr i t ion is t , 
Special Consultant ( l L C A ) 
M.Welte, Program Corodinator , University 
of Hohenheim 
J .To l l , IBPGR Field Officer for West Af r ica 
M.Powel l , Pr incipal Agroecologist ( f rom Aug) ( I L C A ) 
Farm Development and Operations 
D.S.Bisht, Manager 
S.K.Pal , Sr Plant Protection Officer I I 
K.Ravindranath, Sr Engineer (Farm Machinery) 
M.Prabhakar Reddy, Sr Agr icul tural Officer 
N.V.Subba Reddy, Sr Hort icul ture Officer 
M.C.Ranganatha Rao, Sr Engineer 
S.Abid A l i Khan, Agricul tural Officer 
C.Rama Reddy, Agr icul tural Officer 
Akba r Pasha, Engineer 
S.C.Gupta, Engineer 
A .Hamced, A d m Officer (unt i l Ap r ) 
S. Ramachandran, A d m Officer ( f rom Apr ) 
B.J.Ndunguru, Principal Groundnut Agronomist 
and Team Leader 
D.C.Greenberg, Principal Groundnut Breeder 
F.Waliyar, Principal Groundnut Pathologist 
Groundnut Improvement Program 
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West A f r i c a n P r o g r a m s 
I C R I S A T Sahelian Center, Niger 
A d m i n i s t r a t i o n 
R.W.Gibbons, Executive Director, West Af r ican Programs, 
and Director, I C R I S A T Sahelian Center 
A.Jagne, Regional A d m Officer 
K.P.Nair, Regional Purchase and Supplies Manager 
M.D.D ia l lo , Regional Fiscal Officer 
J.Banj i , Purchase Officer (On special 
assignment, unt i l Apr ) 
S.Delanne, Executive Asst (Liaison) 
I.J.Cachalo, Bil ingual Secretary 
K.A.Moussa, Personnel and Transport Off icer 
R e s e a r c h P r o g r a m s 
Pearl Mi l le t Improvement Program 
K. Anand Kumar , Principal Mi l le t Breeder and Team Leader 
L.K.Fussell , Principal Mi l let Agronomist 
S.O.Okiror, Principal Mi l let Breeder/ Regional Tr ials 
Officer 
J.Werder, Principal Mil let Pathologist 
M.J.Lukefahr, Principal Mi l le t Entomologist 
L.Marchais, Principal Geneticist ( O R S T O M ) 
S.Tostain, Principal Geneticist ( O R S T O M ) 
Physical Plant Services 
V.P .McGough , Manager (on secondment to ISC) 
D.Subramaniam, Manager (Acting) 
Sudhir Rakhra, Chief Engineer (Civi l) 
N.S.S.Prasad, Sr Engineer (Electronics and 
Instrumentat ion) 
A .R.Das Gupta, Sr Engineer (Communicat ion) 
(on secondment to Niger) 
D.C.Raizada, Sr Engineer (Aircondi t ioning) 
A .N.S ingh, Engineer (Heavy Equipment and Tractors) 
(on leave unt i l Jun) 
S.W.Quader, Engineer (Office Equipment) (unti l Sep) 
K.R.C.Bose, Engineer (Civi l ) (on secondment to Mal i ) 
K.Satyanarayana Raju , Engineer (Machine shop) 
V.Madhusudan Rao, Engineer 
(Electronics and Instrumentation) 
Y.Chiranjeevi Rao, Engineer (Electrical) 
R.Parameswaran, Engineer (Auto) ( f rom Aug) 
S.P.Jaya Kumar , Sr A d m Officer 
Housing and Food Services 
D.A.Evans, Manager 
S.Mazumdar, Asst Manager (Food Services) 
B.R.Revathi Rao, Asst Manager (Housing) 
D.V.Subba Rao, Asst Manager (Warehouse) 
D.N.Sar, Canteen Officer 
N .V.N.Char i , A d m Officer (unt i l Apr) 
V .S.Ra ju , A d m Officer ( f rom Apr ) 
R.G.Naidu, Documentat ion Officer 
V.Venkatesan, L ib rary Officer (on leave unt i l May) 
Daulat Jo twani , L ib ra ry Officer 
M.D.Thomas , Pr incipal Sorghum Pathologist and 
S A F G R A D / I C R I S A T Coord inator ( f rom May ) 
Research 
K.V.Ramaiah, Principal Cereal Breeder—Striga 
and Team Leader 
A.SchuIz., Admin is t ra tor 
K.R.C.Bose, Project Development Officer 
West Afr ican Sorghum Improvement 
Program ( W A S I P ) 
M a l i 
Administration 
J.Q.Nguyen, Pr inc ipal T ra in ing Off icer 
( f r o m Aug) 
Training 
S o u t h e r n A f r i c a P r o g r a m s 
S A D C C Reg iona l S o r g h u m and M i l l e t 
I m p r o v e m e n t P r o g r a m 
( Z i m b a b w e ) 
L.R. House, Executive Director, Southern Af r ica 
and Project Manager, S A D C C / I C R I S A T Program 
S.P.Ambrose, Regional A d m Officer 
A.B.Obi lana, Pr incipal Sorghum Breeder 
S.C.Gupta, Pr incipal Forage and Mi l le t Breeder 
W.A.J.de M i l l i ano , Principal Cereals Pathologist 
M.Osmanzai , Pr incipal Cereals Agronomist 
K.Leuschner, Pr incipal Cereals Entomologist 
D .Rohrbach, Pr incipal Economist 
H.Ssali, Soi l Scientist ( I F D C ) 
M. I .Gomez, Pr incipal Food Technologist 
C .M.Matanya i re , Pr incipal Stat ion Management 
and Development Officer 
L.Tendengu, Regional Tra in ing Off icer 
N .Ka tu l i , Regional Stat ion Development and 
Operations Officer 
E .Monyo , Postdoctoral Fel low 
Information/Documentation 
C.Gi roux , Regional In fo rmat ion Off icer 
(on sabbatical leave) 
M a l i B i l a t e r a l P r o g r a m 
S.V.R.Shetty, Pr inc ipal Agronomis t and Team Leader 
N.F.Beninat i , Pr inc ipal Breeder 
Research 
D.S .Mur t y , Pr inc ipal Sorghum Breeder 
R.Tabo, Pr inc ipal Sorghum Agronomist 
S.N.Kapoor , Farm Manager (unt i l Ap r ) 
D.J.Flower, Pr incipal Physiologist 
R.Stumpo, Asst Pr incipal Physiologist 
Administration 
O.Ajay i , Pr incipal Sorghum Entomologist 
and Team Leader 
A.Baner j i , A d m Officer 
N i g e r i a 
S.N.Lohan i , Pr inc ipal M i l le t Breeder 
(on sabbatical un t i l Ma r ) 
A.Adesina, Asst Pr inc ipal Economist 
G .Ho f fman , Pr incipal Striga Agronomis t ( C I R A D ) 
P.Salez, Pr inc ipal Agronomist ( I R A T ) 
A.Ratnadas, Pr incipal Entomologist ( I R A T ) 
C.Luce, Pr inc ipal Breeder ( I R A T ) 
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D.B.Roxas, Pr inc ipal An ima l Nut r i t ion is t 
( f r om Sep) ( I L C A ) 
T .O.Wi l l i ams, Pr inc ipal Economist ( f r om Oct) ( I L C A ) 
P.Ouedraogo, Sr Research Asst 
S u p p o r t P r o g r a m s 
Farm Operations 
P.G.Seraf ini , Research Farm Manager 
(on sabbatical unt i l Aug) 
P .Koudogbo, Chief Mechanic (unt i l Jul) 
R.van M idde , F a r m Manager (unt i l Ju l ) 
Physical Plant Services 
A.R .Das Gupta , Manager 
J .Henry , Tra in ing Consultant (Mechanic) 
V . P . M c G o u g h , Facil i t ies Un i t Manager 
Construction 
Statistics 
B.Gil l iver, Pr inc ipal Statist ician (un t i l Aug) 
G.Ouoba, Computer Programmer 
S A D C C / I C R I S A T Groundnut Project 
(Malawi) 
K.R.Bock, Pr inc ipal Groundnut Pathologist 
and Team Leader 
G.L .H i ldebrand, Pr incipal Groundnut Breeder 
V.S.Swaminathan, A d m Officer ( f rom May) 
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W . K . M o r g a n , Asst A d m Officer (unt i l May) 
Z . M . M h l a n g a , Asst A d m Officer ( f rom Sep) 
R .Nxumalo , Sr Accountant (unt i l Jun) 
N . M w a m u k a , Research Technician - Grade II 
P.Chingombe, Research Technician - Grade II 
F .Munaku , Research Technician - Grade II 
Acronyms and Abbreviations Used in this Annual Report 
A C I A R A u s t r a l i a n Cent re f o r I n t e r n a t i o n a l A g r i c u l t u r a l Research 
A C T - 2 A r h a r C o o r d i n a t e d T r i a l - 2 
A D B As ian D e v e l o p m e n t B a n k 
A G L N As ian G r a i n Legumes N e t w o r k ( I C R I S A T ) 
A G R H Y M E T Centre reg iona l de f o r m a t i o n e t d ' app l i ca t i on en agrometeoro log ie e t hyd ro log ie 
opera t ionne l le (N iger ) 
A G R 1 S I n t e r n a t i o n a l I n f o r m a t i o n System f o r A g r i c u l t u r a l Sciences and Techno logy ( F A O ) 
A G T Advance genera t ion test ing 
A I C P I P A l l I n d i a C o o r d i n a t e d Pulses I m p r o v e m e n t Pro jec t 
A I C P M I P A l l I n d i a C o o r d i n a t e d Pear l M i l l e t I m p r o v e m e n t Pro jec t 
A I C S I P A l l I n d i a C o o r d i n a t e d S o r g h u m I m p r o v e m e n t Pro jec t 
A P A U A n d h r a Pradesh A g r i c u l t u r a l Un ive rs i t y ( I nd i a ) 
A R A Acety lene- reduc ing ac t iv i ty 
A R F S N As ian Rice F a r m i n g Systems N e t w o r k ( I R R I ) 
A T A n i m a l t r a c t i o n 
A V A u d i o v i s u a l 
A V R D C As ian Vegetable Research and D e v e l o p m e n t Center 
A W H C Ava i l ab le w a t e r - h o l d i n g capac i ty 
B A R C Bhabha A t o m i c Research Center ( I nd i a ) 
B A R I Bangladesh A g r i c u l t u r a l Research Ins t i t u te 
B B F B r o a d bed and f u r r o w 
bmr B r o w n m i d - r i b 
B N D B u d necrosis disease 
B N F B io log ica l n i t r ogen f i x a t i o n 
B S E C Bold-seeded ear ly compos i te 
B U Brabender un i ts 
C A A S Chinese A c a d e m y o f A g r i c u l t u r a l Sciences 
C A B I C A B I n t e r n a t i o n a l ( U K ) 
C C R N Coopera t i ve Cereals Research N e t w o r k ( I C R I S A T ) 
C D - R O M C o m p a c t D i s k - R e a d O n l y M e m o r y 
C E C C a t i o n exchange capac i ty 
C E S Cons tan t E las t ic i ty o f Subs t i t u t i on 
C E T Cons tan t E las t ic i ty o f T r a n s f o r m a t i o n 
C G I A R Consu l ta t i ve G r o u p o n I n t e r n a t i o n a l A g r i c u l t u r a l Research 
C G R C r o p g r o w t h rate 
C I A T Cen t ro I n te rnac iona l d e A g r i c u l t u r a T r o p i c a l 
C I D A Canad ian I n t e r n a t i o n a l Deve lopmen t Agency ( C o l u m b i a ) 
C I D R Centre d ' i n f o r m a t i o n e t de d o c u m e n t a t i o n p o u r le deve loppement r u ra l 
C I L S S C o m i t e pe rmanen t in te r -E ta ts de lu t te con t re la secheresse dans le Sahel ( M a l i ) 
C I M M Y T C e n t r o I n te rnac iona l d e M e j o r a m i e n t o d e M a i z y T r i g o ( M e x i c o ) 
C I P C e n t r o I n te rnac iona l de la Papa (Peru) 
C I R A D Cent re de coope ra t i on in te rna t iona le en recherche a g r o n o m i q u e p o u r l e devel -
oppemen t (F rance) 
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C L A I S C o m i s i o n Lat inoamer icano de Investigadores en Sorgo (Guatemala) 
C M Carbendaz im and mancozeb 
C R I D A Cent ra l Research Inst i tute fo r D r y l a n d Agr i cu l tu re ( Ind ia ) 
C R I F C Cent ra l Research Inst i tute for Food Crops ( Indonesia) 
C R S P Co l labora t i ve Research Suppor t P rog ram ( U S A ) 
C S C R T I Cent ra l Soi l Conservat ion Research and T ra i n i ng Ins t i tu te 
C S I R O C o m m o n w e a l t h Scientif ic and Indus t r i a l Research Organ isa t ion (Aus t ra l i a ) 
C T T Cumu la t i ve thermal t ime 
cv Cu l t i va r 
C V Coef f ic ient o f var ia t ion 
D A E Days after emergence 
D A F Days after f lower ing 
D A S Days after sowing 
D M D o w n y mi ldew 
D O A Depa r tmen t o f Agr icu l tu re 
D P Dias ta t ic power 
D R A D i r e c t i o n recherche ag ronomique 
D S R Disease severity rat ings 
D T Determina te 
E A C T Ear l y A r h a r Coord ina ted T r i a l 
E A R C A L Eastern A f r i c a Regional Cereals and Legumes P r o g r a m ( I C R 1 S A T ) 
E A R S A M Eastern A f r i ca Regional S o r g h u m and M i l l e t N e t w o r k 
EC Ear l y composi te 
E C Electr ica l conduc t iv i t y 
E E S Y T E A R S A M El i te So rghum Y ie ld T r i a l 
E L I S A Enzyme-L inked I m m u n o s o r b e n t Assay 
E L P N El i te Products Nursery 
E L S Ear ly leaf spot 
E P R Ex te rna l P rog ram Review 
E S D Ex t ra -shor t d u r a t i o n 
E T Evapo t ransp i ra t ion 
E X A C T Ext ra-ear ly A r h a r Coord ina ted T r i a l 
E X P 1 T Ex t ra -sho r t -du ra t i on Pigeonpea In te rna t i ona l T r i a l 
F A O F o o d and Ag r i cu l t u re Organ iza t i on o f the Un i t ed Na t ions ( I ta l y ) 
F M Fluorescence microscopy 
F O N A I A P F o n d o Nac iona l de Invest igaciones Agropecuar ias 
F Y M F a r m y a r d manure 
G I S Geographic I n f o r m a t i o n System 
G L I P G r a i n Legume Improvemen t P r o g r a m m e (Nepal ) 
G L M G r o u n d n u t leaf m iner 
G L S Gray leaf spot 
G M S Gr idded mass selection 
G R U Genetic Resources U n i t ( 1 C R I S A T ) 
G R V G r o u n d n u t rosette v i rus 
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G S N D G r o u n d n u t st reak necrosis disease 
G T Z Deu tche Gesel lschaft f u r Technische Zusammenarbe i t (Federa l Repub l i c o f 
G e r m a n y ) 
H A U H a r y a n a A g r i c u l t u r a l Un i ve rs i t y ( I nd ia ) 
H I Harves t i ndex 
H i T I P H i g h - t i l l e r i n g p o p u l a t i o n 
H P L C H i g h pressure l i q u i d c h r o m a t o g r a p h y 
I A R Ins t i tu te o f A g r i c u l t u r a l Research (N iger ia ) 
I A R C I n t e r n a t i o n a l A g r i c u l t u r a l Research Center 
I A R I I n d i a n A g r i c u l t u r a l Research Ins t i t u te 
I B S R A M I n t e r n a t i o n a l B o a r d f o r So i l Research and M a n a g e m e n t (Tha i l and ) 
I C A R I n d i a n C o u n c i l o f A g r i c u l t u r a l Research 
I C A R D A I n t e r n a t i o n a l Center f o r A g r i c u l t u r a l Research i n the D r y Areas (Syr ia ) 
I C G V T I n t e r n a t i o n a l Con fec t i one ry G r o u n d n u t Va r ie ta l T r i a l 
I C H R N I n t e r n a t i o n a l Ch i ckpea Helicoverpa Resistance Nurse ry 
I D R C I n t e r n a t i o n a l Deve lopmen t Research Cent re (Canada) 
I D R G V T I n t e r n a t i o n a l D r o u g h t Resistance G r o u n d n u t Va r i e ta l T r i a l 
I E G V T I n t e r n a t i o n a l E a r l y - m a t u r i n g G r o u n d n u t Va r i e ta l T r i a l 
I E R Ins t i t u t d 'economie rura le ( M a l i ) 
I F D C I n t e r n a t i o n a l Fer t i l i zer D e v e l o p m e n t Center ( U S A ) 
I F D R G V T I n t e r n a t i o n a l F o l i a r Diseases Resistance G r o u n d n u t Va r i e ta l T r i a l 
1 G F R I I n d i a n Grass land and F o d d e r Research Ins t i tu te 
I I P R G V T I n t e r n a t i o n a l Insect Pest Resistance G r o u n d n u t Va r i e ta l T r i a l 
I I T A I n t e r n a t i o n a l Ins t i t u te o f T r o p i c a l A g r i c u l t u r e (N iger ia ) 
I L C A I n t e r n a t i o n a l L i ves tock Cent re f o r A f r i c a ( E t h i o p i a ) 
I M L G V T I n t e r n a t i o n a l M e d i u m - and L a t e - m a t u r i n g G r o u n d n u t Va r i e ta l T r i a l 
I M Z A T I C R I S A T Pear l M i l l e t Z o n e A d a p t a t i o n T r i a l 
I N E R A Ins t i t u t na t i ona l d'etudes e t de recherches agricoles ( B u r k i n a Faso) 
I N R A N Ins t i t u t na t i ona l d e recherches ag ronomiques d u N ige r 
I N S A H Ins t i t u t d u Sahel ( M a l i ) 
I N T S O R M I L U S A I D T i t l e X I I Co l l abo ra t i ve Research S u p p o r t P r o g r a m o n S o r g h u m and Pear l 
M i l l e t ( U S A ) 
I P M D M N I n t e r n a t i o n a l Pear l M i l l e t D o w n y M i l d e w Nurse ry 
I P P R N I n t e r n a t i o n a l P igeonpea Pest Resistant Nurser ies 
I R A G Ins t i t u t de recherche a g r o n o m i q u e de Guinee 
I R R I I n t e r n a t i o n a l Rice Research Ins t i tu te ( the P h i l i p p i n e s ) 
I S A R Ins t i t u t des sciences ag ronomiques du R w a n d a 
I S C I C R I S A T Sahel ian Center (N ige r ) 
I S N A R I n t e r n a t i o n a l Service f o r N a t i o n a l A g r i c u l t u r a l Research ( the Nether lands) 
I S T N I n t e r n a t i o n a l S o r g h u m Tr ia l s and Nurser ies 
I S V H A T I n t e r n a t i o n a l S o r g h u m Va r i e t y and H y b r i d A d a p t a t i o n T r i a l 
I V C In te r -va r ie ta l compos i te 
I V P D I n v i t r o p r o t e i n d iges t ib i l i t y 
J N K V V J a w a h a r l a l N e h r u K r i s h i V i s h w a V i d y a l a y a ( I n d i a ) 
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K A R I K e n y a A g r i c u l t u r a l Research Ins t i tu te 
L A S I P L a t i n A m e r i c a n Sorghum Improvement P r o g r a m ( I C R I S A T ) 
L E G O F T E N Legumes O n - F a r m Test ing and Nursery Un i t ( I C R I S A T ) 
L E R L a n d equivalent ra t io 
L L S La te leaf spot 
L S W L e a f surface wetness 
M A F I M i n i s t r y o f Agr icu l tu re and F o o d Indus t ry (V ie tnam) 
M A H Y C O Maha rash t ra H y b r i d Seeds C o m p a n y 
M A R I F M a l a n g Research Inst i tu te f o r F o o d Crops ( Indonesia) 
M A S V Y T Mesoamer ican Sorghum Var ie ty Y ie ld T r i a l 
M C M e d i u m composi te 
M D M e d i u m du ra t i on 
M F R Mul t i fac to r - res is tan t popu la t ions 
M H Y T - 8 8 Mesoamer ican H y b r i d Y ie ld T r i a l 
M I R M u l t i p l e insect resistance 
M LO Mycop lasma- l i ke organism 
M O R I F M o r o s Research Inst i tu te f o r F o o d Crops ( Indonesia) 
M O U M e m o r a n d u m o f Unders tand ing 
M P A Y M e d i u m - d u r a t i o n pigeonpea advanced t r i a l 
M P K V M a h a t m a Phule K r i sh i V idyapeeth ( Ind ia ) 
M S t V Ma ize str ipe v i rus 
N A R S N a t i o n a l Ag r i cu l t u ra l Research System 
N B P G R N a t i o n a l Bureau o f P lan t Genet ic Resources ( Ind ia ) 
N D F R C N a t i o n a l D r y l a n d F a r m i n g Research Center 
N D T Indeterminate 
N E L C New elite composi te 
N G L I P N a t i o n a l G r a i n Legume I m p r o v e m e n t P rog ramme (Nepa l ) 
N o n n o d s N o n n o d u l a t i n g mutan ts 
N P U Net p ro te in u t i l i za t ion 
N R C G Na t i ona l Research Cent re f o r G r o u n d n u t ( I nd ia ) 
N R C S Na t i ona l Research Centre f o r S o r g h u m ( Ind ia ) 
N R S A Na t i ona l Remote Sensing Agency ( Ind ia ) 
O D N R I Overseas Deve lopment N a t u r a l Resources Ins t i tu te ( U K ) (now N R I ) 
O P S C A R Operat ional-scale Research 
O R S T O M Ins t i tu t f ranca is de recherche sc ient i f ique p o u r le developpement en coopera t i on 
(France) 
P B P h y t o p h t h o r a b l ight 
P C A R R D Ph i l i pp ine Counc i l f o r Ag r i cu l t u re and Resource Deve lopmen t 
P C M M V Peanut ch lo ro t i c m i l d mot t le v i rus 
P D R G V T Pre l im ina ry D r o u g h t Resistance G r o u n d n u t Var ie ta l T r i a l 
P E G V T Pre laminary Ear ly G r o u n d n u t Var ie ta l T r i a l 
P E Q 1 A Pos t -En t ry Quaran t ine Iso la t ion A r e a 
P E T Potent ia l evapo t ransp i ra t ion 
P K V Pun jab rao K r i s h i V idyapeeth ( I nd ia ) 
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P S l Par t ic le size index 
P S t V Peanut s t r ipe v i rus 
R B D R a n d o m i z e d - b l o c k design 
R E S C A P Resource Cap tu re M o d e l 
R G R Rela t ive g r o w t h rate 
R H Rela t ive h u m i d i t y 
R M P Resource M a n a g e m e n t P r o g r a m ( I C R I S A T ) 
R N A R ibonuc le i c ac id 
R S A V T Reg iona l S o r g h u m A d v a n c e d Va r i e t y T r ia l s 
S A D C C Sou the rn A f r i c a n D e v e l o p m e n t C o o r d i n a t i o n Conference (Bo tswana) 
S A F G R A D S e m i - A r i d F o o d G r a i n Research and D e v e l o p m e n t (N iger ia ) 
S A T Semi -a r id t rop ics 
S A T C R I S S e m i - A r i d T r o p i c a l C rops I n f o r m a t i o n Service ( I C R I S A T ) 
S D Sho r t d u r a t i o n 
S D A H T S A D C C A d v a n c e d H y b r i d T r i a l 
S D E H T S A D C C El i te H y b r i d T r i a l 
S D I Selective D i ssem ina t i on o f I n f o r m a t i o n 
S D P H T S A D C C P r e l i m i n a r y H y b r i d T r i a l 
S D T Semi -de te rmina te 
S D U S o r g h u m d iastat ic un i ts 
S L V Speci f ic l o a f v o l u m e 
S M Ste r i l i t y mosaic 
S M I C S o r g h u m and M i l l e t s I n f o r m a t i o n Center ( I C R I S A T ) 
S M I P S o r g h u m and M i l l e t s I m p r o v e m e n t P r o g r a m ( S A D C C / I C R I S A T ) 
SSP Single superphosphate 
S S t D S o r g h u m str ipe disease 
S T C E S o r g h u m testcross eva lua t i on 
S W M Semi -wet m i l l e d 
T A D D Tangen t i a l abrasive dehu l l i ng device 
T D T r u e p r o t e i n d iges t ib i l i t y 
T D M T o t a l d r y ma t te r 
T G M R Threshed g ra i n m o l d ra t i ng 
T I A T r y p s i n i n h i b i t o r ac t i v i t y 
T N A U T a m i l N a d u A g r i c u l t u r a l Un i ve rs i t y ( I n d i a ) 
T S W V T o m a t o spot ted w i l t v i rus 
U N D P U n i t e d Na t i ons D e v e l o p m e n t P r o g r a m m e ( U S A ) 
U P U t i l i zab le p r o t e i n 
U S A I D U n i t e d States Agency f o r I n t e r n a t i o n a l D e v e l o p m e n t 
V L S Vi l lage- leve l studies 
W A D M O N West A f r i c a n D o w n y M i l d e w Obse rva t i on Nu rse ry 
W A D M V N West A f r i c a n D o w n y M i l d e w V a r i a b i l i t y Nurse ry 
W A S A T West A f r i c a n S e m i - A r i d T r o p i c s 
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W A S D R N West A f r i c a n Sorghum Disease Resistance Nursery 
W A S H A T - 8 8 West A f r i c a n Sorghum H y b r i d A d a p t a t i o n Tr ia l -88 
W A S I P West A f r i c a n Sorghum Improvement P r o g r a m ( l C R I S A T ) 
W A S S N West A f r i c a n Sorghum Striga Nursery 
W A S V A T - 8 8 West A f r i c a n Sorghum Var ie ty A d a p t a t i o n Tr ia l -88 
W C A S R N West and Cent ra l A f r i can So rghum Research N e t w o r k 
W I N E Wa te r In terac t ing w i t h N i t rogen Exper iment 
Y A I Y i e l d Advantage Index 
C u m u l a t i v e l i s t o f c u r r e n t l y c u l t i v a t e d I C R I S A T c u l t i v a r s a n d p a r e n t s i s s u e d b e f o r e 
1 9 8 9 b y t h e P l a n t M a t e r i a l I d e n t i f i c a t i o n C o m m i t t e e ( P M I C ) . 
O r i g i n a l 
n a m e 
I C R I S A T 
n a m e 
S o r g h u m cult ivars/var iet ies 
S P V 351 
S P V 386 
S P V 475 
P M 11344 
S A R 1 
S o r g h u m h y b r i d 
C S H 11 
( S P H 221) 
A G R O C O N S A I 
I C S V 1 
I C S V 2 
I C S V 1 1 2 
I C S V 197 
I C S V 145 
I C S H 153 
A G R O ­
C O N S A I 
Pear l mi l let cul t ivars/var iet ies 
W C - C 7 5 
I B V 8001 
I B V 8004 
I C M S 7703 
l T M V 8001 
I T M V 8002 
I T M V 8304 
M P 124 
( I C T P 8203) 
l C M V 1 
I C M V 2 
I C M V 3 
I C M V 4 
I C M V 5 
I C M V 6 
I C M V 7 
M P 124 
( I C T P 8203) 
Release 
n a m e 
C S V 11 
S P V 351 
Z S V 1 
S V 1 
C S V 13 
U A N L - 1 - 1 8 7 
-
I C S V 145 
C S H 11 
A G R O ­
C O N S A I 
W C - C 7 5 
I C M S 7703 
I T M V 8001 
I T M V 8002 
I T M V 8304 
M P 124 
( I C T P 
8203) 
Pear l mi l let male-steri le a n d main ta iner lines 
8 1 A 
8 1 B 
8 4 3 A 
8 4 3 B 
8 4 2 A 
8 4 2 B 
8 3 4 A 
8 3 4 B 
I C M A 841 
I C M B 841 
I C M A 1 
I C M B 1 
I C M A 2 
I C M B 2 
I C M A 3 
I C M B 3 
I C M A 4 
I C M B 4 
I C M A 841 
I C M B 841 
I C M A 841 
I C M B 841 
R e m a r k s 
Released c u l t i v a r i n I n d i a (1984) . 
Re leased c u l t i v a r i n M a l a w i (1989) 
Re leased c u l t i v a r i n Z a m b i a (1983) . 
Re leased c u l t i v a r i n Z i m b a b w e (1985) . 
Released c u l t i v a r i n I n d i a (1988) 
R e c o m m e n d e d f o r release i n I n d i a (1987) . 
Released c u l t i v a r i n N o r t h M e x i c o (1987) . 
H i g h l y res is tan t t o s o r g h u m m i d g e 
(Contarinia sorghicola) 
Res is tan t to Striga asiatica in I n d i a . 
R e c o m m e n d e d f o r c u l t i v a t i o n i n S t r i g a - e n d e m i c 
areas o f I n d i a , excep t K a r n a t a k a . 
Released c u l t i v a r i n I n d i a (1986) 
( M a l e s te r i le , 2 9 6 A , f r o m A I C S I P ) . 
Re leased c u l t i v a r i n E l S a l v a d o r (1987) . M a l e 
s te r i l e , A T x 625 , f r o m T e x a s A & M U n i v e r s i t y . 
Re leased c u l t i v a r i n I n d i a (1982) . 
Released c u l t i v a r i n Z a m b i a (1987) . 
C u l t i v a r s i n prere lease stage i n 
Senega l . 
Re leased v a r i e t y i n I n d i a (1985) . 
Re leased c u l t i v a r s i n N i g e r (1985) . 
Re leased i n M a h a r a s h t r a a n d A n d h r a 
P r a d e s h , I n d i a (1988) 
F e m a l e p a r e n t o f I C M H 4 5 1 . 
N e w ma le -s te r i l e l ines f o r t h e 
p r o d u c t i o n o f n e w h y b r i d s 
F e m a l e p a r e n t o f I C M H 5 0 1 . 
F e m a l e p a r e n t o f h y b r i d s P u s a 2 3 a n d 
I C M H 423. H i g h l y res is tan t t o d o w n y m i l d e w . 
N o t i c e 
8 4 / 8 
8 4 / 1 5 
8 6 / 1 
8 6 / 2 
8 7 / 1 
8 6 / 3 
8 8 / 7 
8 4 / 1 
8 4 / 2 
8 6 / 4 
8 6 / 5 
8 6 / 6 
8 6 / 7 
8 8 / 3 
8 6 / 8 
8 6 / 8 
8 4 / 3 
8 4 / 3 
8 4 / 3 
8 4 / 3 
8 4 / 3 
8 4 / 3 
8 8 / 1 
-
-
Continued 
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C u m u l a t i v e list continued. 
O r i g i n a l 
n a m e 
I C R 1 S A T 
n a m e 
Pear l mi l let inbred lines 
l C M P E 13-6-27 
I C M P E 13-6-30 
I C M P E 134-6-25 
I C M P E 134-6-34 
S S C F S 252-S-4 
I C I 7517-S-1 
E B S 46-1 -2 -S-2 
E B 112-1-S-1-1 
N E P 588-5690 
-S -8 -4 
P 489-S-3 
I P 2696-1-4 
P 7 
S D N 503 
700251 
700516 
700651 
700481-21-8 
I P 537 B 
I P 11776 ( S o u n a 
M a l i ) 
I P 2084-1 
P 24 
D 212-P1 
I C M L 1 
I C M L 2 
I C M L 3 
I C M L 4 
I C M L 5 
I C M L 6 
I C M L 7 
I C M L 8 
I C M L 9 
I C M L 1 0 
I C M L 1 1 
I C M L 1 2 
I C M L 1 3 
I C M L 1 4 
I C M L 1 5 
I C M L 1 6 
I C M L 1 7 
I C M L 1 8 
I C M L 1 9 
I C M L 2 0 
I C M L 2 1 
I C M L 2 2 
Release 
name 
Pear l mil let populat ions (sibs of sister lines) 
1 C M P E S 1 
I C M P E S 2 
l C M P E S 2 8 
I C M P E S 3 2 
I C M P 1 
I C M P 2 
I C M P 3 
I C M P 4 
Pear l mil let hybrids 
I C M H 451 
I C M H 501 
I C M H 423 
I C M H 451 
I C M H 501 
I C M H 423 
Chickpea cult ivars/variet ies 
I C C C 4 I C C V 1 
I C M H 451 
( M H 179) 
I C M H 501 
( M H 180) 
I C M H 423 
I C C C 4 
R e m a r k s 
Sources o f resistance to e rgo t 
(Claviceps fusiformis). 
Sources o f resistance to s m u t 
( T o l y p o s p o r i u m penicilliariae). 
Source of resistance to rus t (Puccinia 
penniseti) c o n t r o l l e d by a s ingle 
d o m i n a n t gene. 
Sources o f resistance t o d o w n y m i l d e w 
(Sclerospora graminicola). 
Sources o f resistance to rus t 
{Puccinia penniseti) 
Sources o f c o m b i n e d resistance 
to e rgo t (Claviceps fusiformis), 
s m u t ( T o l y p o s p o r i u m penicillariae), a n d 
d o w n y m i l d e w {Sclerospora graminicola). 
Released c u l t i v a r i n I n d i a (1986) . 
Released c u l t i v a r i n I n d i a (1986) . 
Released h y b r i d i n I n d i a (1987) . 
Released c u l t i v a r i n G u j a r a t s ta te , 
N o t i c e 
8 4 / 4 
8 4 / 5 
8 4 / 7 
8 4 / 1 3 
8 4 / 1 4 
8 4 / 6 
8 7 / 2 
8 7 / 3 
8 8 / 2 
8 4 / 9 
continued 
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C u m u l a t i v e list continued. 
O r i g i n a l 
n a m e 
I C C L 82001 
I C C L 83006 
I C C L 83004 
I C C L 83009 
I C C C 3 2 
I C C X 730008-8-1 
- 1 P - B P - 8 E B 
I L C 4 6 4 
I L C 4 8 2 
I L C 3279 
I C R I S A T 
n a m e 
I C C V 2 
I C C V 3 
I C C V 4 
I C C V 5 
I C C V 6 
I C C V 7 
I L C 4 6 4 
( I C A R D A ) 
I L C 482 
( I C A R D A ) 
I L C 3279 
( I C A R D A ) 
Pigeonpea cul t ivars/var iet ies 
I C P 8863 
I C P L 8 7 
I C P L 151 
I C P V 1 
I C P L 8 7 
I C P L 151 
Pigeonpea male-steri le l ine 
M S 4 A I C P M 1 
G r o u n d n u t cul t ivars/var iet ies 
R o b u t 33 -1 -7 -4 
R o b u t 33 -1 
- 1 8 - 8 - B 1 
l C G S 1 
I C G S 1 1 
Release 
n a m e 
' S w e t h a ' 
i n I n d i a 
" K y r e n i a " 
i n C y p r u s 
" G h a b 1 ' ' 
i n S y r i a 
" Y i l o u s a " 
i n C y p r u s , 
" G h a b 2 " 
i n S y r i a , 
" I L C 3279 ' ' 
i n T u n i s i a 
M a r u t i 
P r a g a t i 
J a g r i t i 
I C G S 1 1 
R e m a r k s 
I n d i a (1983) , a n d N e p a l (1987) . 
Re leased i n A n d h r a P r a d e s h i n 1989 
C o m b i n e accep tab le k a b u l i seed- type 
w i t h w i l t res is tance a n d s h o r t d u r a t i o n 
I d e n t i f i e d f o r release i n I n d i a . 
I d e n t i f i e d b y A I C P l P a s d o n o r pa ren t 
f o r Helicoverpa armigera res is tance. 
T o l e r a n t o f ascochy ta b l i g h t , u n d e r 
T e l H a d y a c o n d i t i o n s . Re leased 
c u l t i v a r i n S y r i a . 
Re leased c u l t i v a r b y the M i n i s t r y o f 
A g r i c u l t u r e a n d A g r a r i a n R e f o r m , S y r i a . 
R e c o m m e n d e d f o r w i n t e r s o w i n g i n S y r i a . 
Res is tan t t o a s c o c h y t a b l i g h t a n d c o l d . 
R e c o m m e n d e d f o r w i n t e r s o w i n g . 
R e c o m m e n d e d b y A 1 C P I P a s sou rce 
of res is tance to w i l t (Fusarium udum). 
Re leased i n K a r n a t a k a s ta te , I n d i a (1985) . 
S h o r t - d u r a t i o n , h i g h - y i e l d i n g v a r i e t y . 
Re leased i n I n d i a (1986) . 
S h o r t - d u r a t i o n , h i g h - y i e l d i n g v a r i e t y . 
Prere lease in I n d i a as J a g r i t i . 
S o u r c e o f t r ans l uscen t a n t h e r - t y p e 
o f gene t i c m a l e s ter i le 
A se lec t ion f r o m I C G S 1 re leased as S p r i n g 
G r o u n d n u t 8 4 i n P u n j a b s ta te , I n d i a (1986) 
Re leased f o r p o s t r a i n y - s e a s o n c u l t i v a t i o n i n 
C e n t r a l a n d p e n i n s u l a r I n d i a (1986) . 
N o t i c e 
8 4 / 1 0 
8 4 / 1 0 
8 6 / 1 1 
8 6 / 1 2 
8 8 / 4 
8 8 / 5 
8 8 / 6 
8 4 / 1 1 
8 6 / 9 
8 6 / 1 0 
8 4 / 1 2 
8 6 / 1 3 
8 6 / 1 4 
-
-
-
-
-
-
-
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L i s t o f e l i t e I C R I S A T p l a n t m a t e r i a l issued b y t h e P l a n t M a t e r i a l I d e n t i f i c a t i o n C o m m i t t e e ( P M I C ) i n 
1 9 8 9 . 
O r i g i n a l I C R I S A T 
n a m e n a m e 
Pear l mil let inbred lines 
I P 2696-30 I C M L 89030 
Pear l mi l let cult ivars/variet ies 
I C M V 84400 I C M V 84400 
Chickpea cult ivars/variet ies 
I C C L 80074 I C C L 80074 
( I C C C 37) 
Pigeonpea cult ivars/var iet ies 
I C P L 332 I C P L 332 
G r o u n d n u t cult ivars/variet ies 
I C G S 4 4 I C G V 87128 
( I C G S 44) 
I C G S 7 6 I C G V 87141 
G r o u n d n u t genetic stocks 
I C G L 1 I C G L 1 
I C G L 2 I C G L 2 
Release 
n a m e 
N o release 
n a m e 
I C M V 155 
K r a n t h i 
A b h a y a 
I C G V 87128 
( I C G S 44) 
I C G S 7 6 
I C G L 1 
I C G L 2 
J u s t i f i c a t i o n / P r e s e n t s ta tus 
P h o t o p e r i o d insens i t i ve pear l m i l l e t l ine 
selected f r o m accession IP 2696, a landrace 
co l l ec ted f r o m C h a d and m a i n t a i n e d as genet ic 
s t o c k i n t h e I C R I S A T gene b a n k . 
R e c o m m e n d e d f o r genera l c u l t i v a t i o n i n I n d i a b y 
A I C P M I P w o r k s h o p , A p r i l 1989. 
A s h o r t - d u r a t i o n desi t ype c h i c k p e a v a r i e t y 
res is tant to f u s a r i u m w i l t race 1 a n d m o d e r a t e l y 
res is tant t o d r y r o o t r o t , released i n 
A n d h r a P r a d e s h a s " K r a n t h i " i n 1989. 
A h i g h - y i e l d i n g p igeonpea v a r i e t y w i t h 
t o l e rance to Helicoverpa p o d b o r e r , released in 
A n d h r a P radesh a s " A b h a y a " i n 1989. 
Released b y the C e n t r a l S u b c o m m i t t e e o n C r o p 
S t a n d a r d s , N o t i f i c a t i o n , a n d Release o f Va r i e t i es , 
G o v t , o f l n d i a , f o r t he p o s t r a i n y season c u l t i v a ­
t i o n i n the state o f G u j a r a t . 
R e c o m m e n d e d f o r release b y the C e n t r a l 
S u b - c o m m i t t e e o n C r o p S t a n d a r d s , N o t i f i c a t i o n 
a n d Release o f Var ie t i es , G o v t , o f I n d i a , f o r c u l t i ­
v a t i o n i n the r a i n y season, i n A n d h r a P r a d e s h , 
K a r n a t a k a , T a m i l N a d u , K e r a l a , a n d pa r t s o f 
M a h a r a s h t r a states i n I n d i a . 
N o n - n o d u l a t i n g p u r e l i ne w i t h d i s t i nc t 
m o r p h o l o g i c a l fea tures : E rec t g r o w t h h a b i t , 
sequen t ia l f l o w e r i n g , o range f l o w e r c o l o r , 
be longs t o Valencia g r o u p . 
N o n - n o d u l a t i n g p u r e l ine w i t h d i s t i nc t 
m o r p h o l o g i c a l features: D e c u m b e n t 3 erect 
g r o w t h h a b i t , sequen t ia l f l o w e r i n g , ga rne t 
f l o w e r c o l o r , be longs t o M a n y e m a g r o u p . 
N o t i c e 
8 9 / 7 
8 9 / 8 
8 9 / 9 
8 9 / 1 0 
8 9 / 1 
8 9 / 1 1 
8 9 / 2 
8 9 / 3 
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Cumulative list continued. 
Original 
name 
I C G L 3 
I C G L 4 
I C G L 5 
I C R I S A T 
name 
I C G L 3 
I C G L 4 
I C G L 5 
Release 
name 
l C G L 3 
I C G L 4 
l C G L 5 
Remarks 
Non-nodulat ing pure line wi th distinct 
morphological features: Erect growth habit, 
sequential flowering, garnet flower color, 
belongs to Manyema group. 
Non-nodulat ing pure line w i th distinct 
morphological features: Erect growth habit, 
alternate flowering, orange flower color, 
belongs to Valencia group. 
Non-nodulat ing pure line wi th distinct 
morphological features: Erect growth habit, 
sequential f lowering, orange flower color, 
belongs to natal group. 
Notice 
89/4 
89/5 
89/6 
RA-00155 
International Crops Research Institute for the Semi-Arid Tropics 
Patancheru, Andhra Pradesh 502 324, India 
I C R I S A T 
I S S N 0257-2478 Pr in ted a t I C R I S A T Center I C R 90-0023 
